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CONVERSION FACTORS

For use of those readers who may prefer to use metric units rather 
than U.S. customary units, the conversion factors for the terms used in 
this report are listed below:

Multiply

inch (in.)
foot (ft)
mile (mi)

acre
square mile (mi2 )

cubic foot (ft 3 ) 
cubic yard (yd 3 ) 
million gallons (Mgal)

gallon per minute
(gal/min) 

million gallons per day
(Mgal/d)

inch per year (in/yr) 
cubic foot per second

(ft 3 /s)

foot squared per day 
(ft 2 /d)

Length

25.40
0.3048
1.609

Area

0.4047
2.590

Volume

0.02832
0.7636

3,785

Flow 

0.003785 

0.0438

25.40
0.02832

Transmissivity 

0.0929

To obtain

millimeter (mm) 
meter (m) 
kilometer (km)

hectare (ha)
square kilometer (km2 )

cubic meter (m )
cubic meter (m3 )
cubic meter (m3 )

cubic meter per minute
(m3 /min) 

cubic meter per second
(m3 /s)

millimeter per year (mm/yr) 
cubic meter per second

(m3 /s)

meter squared per day 
(m2 /d)

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geodetic 
datum derived from a general adjustment of the first-order level nets 
of both the United States and Canada, formerly called "mean sea level." 
NGVD of 1929 is referred to as sea level in this report.

VII



HYDROLOGY OF THE FLORIDAN AQUIFER 
IN NORTHWEST VOLUSIA COUNTY, FLORIDA

By A. T. Rutledge

ABSTRACT

Northwest Volusia County, in east-central Florida, is a 262-square- 
mile area including the southern part of the Crescent City Ridge and the 
northern tip of the DeLand Ridge. The hydrogeologic units in the area 
include the Floridan aquifer, which is made up of parts of the Lake City 
Limestone, the Avon Park Limestone, and the Ocala Limestone, all of 
Eocene age; the confining bed, which is composed of clays of Miocene or 
Pliocene age; and the surficial aquifer, which is made up of Pleistocene 
and Holocene sands.

Ornamental fern growing is a $12 million per year industry in 
northwest Volusia County. Fern culture requires a large amount of good- 
quality water for irrigation, and more significantly, a large water 
withdrawal rate for freeze protection during winter months. The source 
of most water used is the Floridan aquifer. The large irrigation 
withdrawals, especially in winter months when spray irrigation is used 
for freeze protection of ferns, introduce problems such as the potential 
for saltwater intrusion, the temporary loss of water in domestic wells 
caused by large potentiometric drawdown, and increased sinkhole activity,

The water budget of the surficial layer consists of 55 inches per 
year rainfall, 39 inches per year evapotranspiration, 13 inches per year 
runoff, and a net downward leakage of 3 inches per year.

Average ground-water irrigational withdrawal is 8.1 million gallons 
per day, while the peak withdrawal rate is 300 million gallons per day 
during freeze-protection pumpage. The average irrigation well depth 
exceeds 300 feet.

Transmissivities of the Floridan aquifer range from 4,500 to 
160,000 feet squared per day. Highest transmissivities are in the 
DeLeon Springs area and the lowest are in the east Pierson area. 
Storage coefficients range from 0.0003 to 0.0013.



The water budget of the Floridan aquifer under present conditions 
of withdrawal consists of 108 cubic feet per second recharge, 2 cubic 
feet per second horizontal ground-water inflow, 34 cubic feet per second 
direct discharge, 40 cubic feet per second upward leakage, 22 cubic feet 
per second horizontal outflow, and 14 cubic feet per second pumpage.

The Floridan aquifer contains good-quality water in most of the 
study area, but also contains brackish water underneath the stressed 
zones and in the upper zones along the western and southern limits of 
the area. The altitude of the fresh- saltwater interface varies in the 
area from 1,500 to 300 feet below sea level.

Areal drawdowns in the fern-growing areas of Pierson are 5 feet 
during growth irrigation periods and 20 to 30 feet during freeze- 
protection withdrawals. The drawdown in the Pierson area at the end of 
one intense period of pumpage exceeded 30 feet over a 4.4-square-mile 
area. A significant amount of the withdrawn water was replaced by 
leakage during the pumping period. Drawdowns in some pumping wells in 
northeast Pierson exceed 90 feet during freeze-protection withdrawals.

No long-term residual drawdown has occurred. The predominant effect 
of pumpage on the water budget of the Floridan aquifer ha^s been an 
increase in recharge. Sinkhole activity has been increased by the 
temporary increase in load on the aquifer's skeletal structure during 
intense lowering of the potentiometric surface. There is no evidence of 
saltwater intrusion, but a monitoring network for future early detection 
is suggested.

INTRODUCTION 

Description of Area and Problems

Northwest Volusia County in east-central Florida is a 262-square- 
mile area which is 10 miles west of Daytona Beach and 30 miles north of 
Orlando. The area is the northwestern fifth of Volusia County and 
includes the towns of Seville, Pierson, Emporia, Barberville, and DeLeon 
Springs (fig. 1). The area consists of approximately 35 percent flat to 
undulating upland terraces, 40 percent flatwoods, and 25 percent swamps. 
Numerous lakes are located throughout the area. The climate is sub 
tropical, with an average temperature of 71°F and an average rainfall of 
55 inches per year.

Ornamental fern growing is a $12 million per year industry in 
northwest Volusia County. Fern culture requires a large amount of good- 
quality water for irrigation, and more significantly, a large water 
withdrawal rate for freeze protection during winter months. The source 
of most water used is the Floridan aquifer.
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Figure 1. Location of northwest Volusia County.



The problems related to ground-water withdrawals in northwest 
Volusia County include present withdrawals of brackish water in some 
areas, the potential for saltwater intrusion into other areas, the loss 
of water in domestic supplies caused by the lowering of the potentio- 
metric surface below pump intakes in domestic wells, and increased 
sinkhole activity. Although the Floridan aquifer contains very good- 
quality water in most areas of northwest Volusia County, the upper part 
of the aquifer contains brackish water west of the fern-growing areas 
and saltwater is also present beneath the stressed zones of the aquifer 
throughout the area.

Purposes of Investigation 

The primary purposes of the investigation are as follows:

1. Determine the physical properties and the water budget of the 
Floridan aquifer in northwest Volusia County.

2. Determine the rate of irrigational ground-water use, and the 
spacial distribution of irrigation wells in the study area. 
Investigate the temporal distribution of ground-water use.

3. Determine and describe the present extent of saltwater in the
Floridan aquifer and the temporal variability of chloride con 
centration in the aquifer, including the variation during freeze- 
protection periods. Investigate the relation between ground- 
water irrigation withdrawals and saltwater intrusion. Set up a 
water-quality monitoring scheme for the purpose of early detec 
tion of vertical or horizontal saltwater migration into the 
stressed parts of the aquifer.

4. Describe and map the distribution of drawdown in the Floridan
aquifer caused by freeze protection. Investigate the areas of 
maximum drawdown and the way in which this drawdown varies 
during freeze-protection pumping and also during the recovery 
period. Confirm estimates of the physical properties of the 
aquifer system by analyzing freeze-protection drawdown.

5. Describe past sinkhole activity in the northwest Volusia area. 
Investigate the relation of sinkhole activity to freeze-pro 
tection drawdown.

This is the first and final report of this investigation and is a 
description of the findings as they relate to the above purposes.

Scope of Investigation

The southern boundary of the study area is lat 29°05 f and the 
eastern boundary is long 81°15*. The northern boundary and the 
southwestern boundary are the Volusia County line, and the remaining



boundary is the eastern shore of Lake George. The study encompasses a 
262-square-mile area, but most data were collected in the well-drained 
upland terraces where ferns are grown. Special emphasis is given to the 
Pierson area because of its large concentration of irrigation wells and 
the corresponding large magnitude of drawdown that occurs in that area. 
This investigation was performed during the 3-year period of 1978-80.

Some of the methods of analysis used in this investigation may be 
transferable to many areas where the effects of scattered pumping centers 
are being studied. Findings may be transferable to other areas where 
heavy transient withdrawal stresses are imposed on the Floridan aquifer.

It is not the purpose of this study to quantitatively predict salt 
water intrusion. Such prediction would require data from a more 
extensive drilling, logging, and water-level observation effort sup 
plemented by digital computer modeling of solute transport.

Previous Studies

The general ground-water hydrology of the study area was investi 
gated and described by Wyrick (1960, 1961). His investigation was the 
first to describe the physical characteristics of the Floridan aquifer 
throughout Volusia County, and it, in effect, commenced accumulation of 
the historical water-level and water-quality data base which is needed 
to investigate the long-term effects of fernery irrigation. Knochenmus 
and Beard (1971) assessed the quality and quantity of both the surface- 
and ground-water resources of Volusia County; the ground-water assessment 
part resulted in the accumulation of new water-quality data for a number 
of wells that had been previously sampled by Wyrick. A map report by 
Knochenmus (1968) discussed drainage feasibility throughout the county. 
Bush (1978) presented a ground-water flow model of Volusia County.

Some water-quality data from 1950 to 1970 are available, including 
major-ion analyses of water from irrigation wells. Water levels have 
been measured periodically since the early 1950*s in two wells in the 
flatwoods outlying the fern-growing areas.

Data Collection

Data collection included water-level measurements in wells, water- 
quality sampling from wells, and operation of water-level recorders to 
monitor variation of water level with time. The altitude of the measur 
ing points of observation wells were determined so that accurate potentio- 
metric maps and hydrographs could be constructed.

A considerable amount of information came from the inventory of 
irrigation wells. This detailed data-collection effort contributed to 
estimates of water use and to estimates of the spacial and temporal 
distribution of water use.



Geophysical logging, measurements of specific capacity of wells, 
and simple aquifer tests were used to give a better understanding of the 
physical properties of the aquifer system.

The great part of the water-level and water-quality data were 
collected just before, during, and immediately after freeze-protection 
periods. These types of data were also collected during high-water 
(September) and natural low-water (May) periods. Most water-level data 
were collected from wells that are not used for irrigation, whereas water- 
quality data were collected from irrigation wells. Geophysical logging, 
measurements of specific capacity, and aquifer tests were performed 
primarily at irrigation wells.

Base water-quality data from 1950 to 1970 were used to compare with 
present water-quality data to determine if chloride concentration has 
increased due to fernery irrigation. Historical water levels from a few 
observation wells were used to determine the historical change in water 
level and to determine if water levels have declined because of fernery 
irrigation.
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ENVIRONMENTAL SETTING 

Geographic Setting

Land surface altitude varies from 3 to 115 feet in northwest Volusia 
County. The Seville area, the Pierson area, and the DeLeon Springs area 
are three topographic highs (fig. 2). From a broader perspective, the 
Seville high and the Pierson high together make up the southern end of 
the Crescent City Ridge, while the DeLeon Springs high is the northern 
segment of the DeLand Ridge. The topographic highs in northwest Volusia 
are surrounded by the lowlands around Lake George to the west, around 
Lake Woodruff to the south, in Flagler County to the northeast, and in 
the central Volusia flatwoods area to the east.
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Figure 2. Topography in northwest Volusia County.



Terrace formation during the Pleistocene played an important part 
in shaping the land surface in the northwest Volusia area (Cooke, 1945; 
Wyrick, 1960). The terraces of this area are expanses of land of 
relatively uniform altitude which were the sea floor while the sea level 
stood higher than present sea level. There are four recognizable ter 
races in northwest Volusia: (1) the Penholoway terrace, which was formed 
when the sea stood 70 to 80 feet above present level; (2) the Talbot 
terrace, which was formed when the sea stood 45 feet higher than pres 
ent; (3) the Pamlico terrace, which was formed when the sea level stood 
25 to 30 feet higher than present; and (4) the Silver Bluff terrace, 
which was formed when the sea stood 5 to 6 feet above its present level. 
The areas on figure 2 having land surface altitudes above 50 feet are 
remnants of the Penholoway terrace. The areas having altitudes between 
25 and 50 feet are parts of the Talbot or Pamlico terraces while areas 
of less than 25-foot altitude are the Silver Bluff terrace. Terrace 
formation accounts for the flatness of the Seville and Pierson highs.

Karst topography is the name applied to the undulating, pitted land 
surface that occurs where sinkholes are numerous and drainage is under 
ground. The Penholoway terrace is characterized by karst topography in 
northwest Volusia County. Karst topography is well developed in the 
DeLand Ridge and moderately developed in the Crescent City Ridge. This 
is evident from the greater relief in the DeLeon Springs area as com 
pared to the Pierson and Seville areas and the absence of surface drainage 
features over a much larger part of the DeLeon Springs area. The terraces 
without karst topography remain flat and have well developed natural 
surface-drainage features. These stream systems are formed because the 
surplus of water that does not infiltrate into the ground must find a 
way out. Areas of karst topography are generally good recharge areas 
while non-karstic areas often have poor recharge or are areas of ground- 
water discharge. ,

Geologic Setting

Five stratigraphic units are discussed in the following paragraphs 
and are illustrated in figures 3 and 4. The Oldsmar Limestone of early 
Eocene age, although illustrated, is not discussed because no known 
water wells penetrate it in the study area and because it probably 
contains very little, if any, freshwater in the study area. Descrip 
tions of the formations are from Wyrick (1960) and figures 3 and 4 were 
derived from geologic logs of the Florida Bureau of Geology. The lines 
of sections are shown in figure 2. Well numbers on these figures are 
assigned by the Florida Bureau of Geology.

Ill
The Lake City Limestone, of early middle Eocene age, consists of 

layers of dark brown dolomite separated by layers of chalky limestone. 
The dolomite is crystalline and contains few fossils while the limestone 
is very fossiliferous. The vertical extent of the Lake City Limestone 
at well W-1746A is from 420 feet below sea level at the top to 1,220 
feet below sea level at the bottom (figs. 3 and 4). The top of this
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formation is highest near Lake George, where its altitude is 280 feet 
below sea level. It has an eastward dip of approximately 8 feet per 
mile. The Lake City Limestone is tapped by at least 150 irrigation 
wells in northwest Volusia County.

The Avon Park Limestone, of late middle Eocene age, varies in color 
from chalky white to light brown or ashen gray, but most of it is tan. 
The limestone is extensively dolomitized. The formation is generally 
180 to 250 feet thick in northwest Volusia. Some of the Avon Park 
Limestone was removed by erosion before the overlying Ocala Limestone 
was deposited. The Avon Park Limestone is thinnest in the extreme 
southern part of the study area, where the Ocala Limestone is absent. 
The highest altitude of the top of the Avon Park Limestone is approxi 
mately 10 feet near DeLeon Springs and the lowest altitude is approxi 
mately -150 feet near Seville. The formation, which has a slight eastward 
dip, is the principal source of water for irrigation in northwest Volusia. 
At least 400 irrigation wells tap it.

The Ocala Limestone, of late Eocene age, is composed of cream to 
white limestone mottled with gray zones. The Ocala Limestone is gener 
ally only slightly dolomitized in northwest Volusia County. Because of 
extensive erosion after deposition, the formation is very thin in most 
of northwest Volusia and absent at the southern limit of the study area. 
The formation is the main source of water for domestic use, but its 
importance for irrigation is secondary to the Avon Park Limestone 
because of its limited thickness.

The Miocene or Pliocene deposits which overlie the Ocala Limestone 
are made up of unconsolidated beds of fine sand, shells, and calcareous 
silty clays. Because the permeability of the clay beds in these depos 
its is low, they serve to confine water under pressure in the limestone 
formations below. The shell beds in these deposits supply small amounts 
of water to some domestic wells. The overall thickness of the Miocene 
or Pliocene deposits in northwest Volusia County is generally 20 to 70 
feet.

The sediments of Pleistocene and Holocene age consist of fine- 
to medium-grained quartz sand, sandy clays, and locally, small amounts 
of shell. In some areas, the sand has been cemented into "hardpan" by 
deposition of iron oxide at the water table. The general thickness of 
the Pleistocene and Holocene deposits is 20 to 50 feet, but locally they 
can be as much as 100 feet thick. There is an abundance of small 
capacity irrigation wells producing water from these sediments in north 
west Volusia, but the total withdrawal capacity is small in relation to 
that of the wells tapping the limestone formations.
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Hydrologic Setting 

Geohydrologic Units

The three geohydrologic units considered are the surficial aquifer, 
the confining bed, and the Floridan aquifer. The surficial aquifer is 
comprised of the sands of the Pleistocene and Holocene deposits; the 
confining bed generally consists of the clays of Miocene or Pliocene 
deposits; and the Floridan aquifer is made up of the Ocala, Avon Park, and 
Lake City Limestones of Eocene age.

The surficial aquifer is the layer of sand from land surface down to 
the first areally consistent and relatively impermeable layer of clay. If 
no clay is present it may be defined as the entire thickness of sand down 
to the Floridan aquifer. The surficial aquifer may contain zones of clay 
and hardpan. However, the clay zones are inconsistent enough and the 
hardpan is permeable enough that these do not significantly retard the flow 
of water in the aquifer. The surficial aquifer is generally 10 to 50 feet 
thick. Its thickness is greatest in the DeLeon Springs area, where it 
reaches 100 feet in a few places. The surficial aquifer is referred to 
as unconfined because its ground-water surface (water table) is the top 
of the zone of saturation and is free to rise and fall in the aquifer. 
Figure 5 shows fluctuations in the water table in eight shallow wells 
in the Crescent City Ridge part of the study area. In the Crescent City 
Ridge area the depth to water table averages 5 feet and exceeds 12 feet 
in very few places. In the DeLand Ridge the depth to the water table 
may average more than 20 feet. In swamps, the water table is close to 
land surface at all times.

Water enters the surficial aquifer by direct infiltration of 
rainfall and by upward leakage from the Floridan aquifer in areas of 
discharge from the Floridan aquifer. It leaves as evapotranspiration, 
runoff, and downward leakage in areas of recharge to the Floridan aquifer. 
Lateral movement into or out of the study area in the surficial aquifer 
is negligible because water-table gradients are small.

The importance of the surficial aquifer from a water-use standpoint 
is not so much its direct use for water supply but its function as a 
reservoir for recharge to the Floridan aquifer. Some recharge occurs to 
the Floridan aquifer in any area where the water table in the surficial 
aquifer is higher than the potentiometric surface in the Floridan. The 
surficial aquifer is most suitable as a source of recharge if (1) the 
depth to the water table is great, (2) the aquifer has a high specific 
yield, and (3) the thickness of the aquifer is great. The depth to the 
water table is important because a greater depth will reduce the loss of 
surficial aquifer water to evapotranspiration. A high specific yield 
will mean a greater storage of water for recharge and less loss of 
infiltrating water to unsaturated retention. A surficial aquifer with 
great thickness will provide a more consistent source of recharge during

12



WATER LEVEL, IN FEET BELOW LAND SURFACE
O 00 O & pj

H-
CO 03 OQ 
H- 3 C 
rt O. H
CD CD
W "O 

CD Ui
o n   
3 H. i

O I
HI a. a
H- H- ft) 

OQ O H-

CD -d 3
rt H.
V 3
W H-

9
cr c 
CD 9
M
o a.
3 CD

CD 
w M
c o

ft) M
O ft)
CD P

a. 
ft 
o w

ft) Hi
ft ft)
CD O
H CD

M ft
CD O

CD CD
< <
CD CD
3 M

O H-
?P

CD W
H ET

ft)
W I-1 
CT M 
ft) O
M ?: I-1

CD

CD

CO U> 
I

I 
O



periods of drought. Because of the above-mentioned factors the 
deposits of the DeLand Ridge provide the best areas of recharge to the 
Floridan aquifer. The recharge rates vary in a descending order from 
ridges to flatwoods to swamps.

The confining bed is the composite of the clay layers that retard the 
flow of water between the surficial aquifer and the Floridan aquifer. The 
generalized thickness of clay map shown in figure 6 was compiled from 
drillers' logs, geologic logs, and geophysical logs. Areas of minimal clay 
thickness tend to be well suited to the vertical flow of water between the 
aquifers. Most of the DeLeon Springs area has very good recharge to the 
Floridan aquifer. The clay is also thin in the southern part of the 
Seville area and along the southeastern boundary of Lake George. Although 
the confining bed appears to be approximately 20 feet thick in the Pierson 
area, it may be extensively breached by sinkholes.

Figure 6 also shows the difference in hydraulic head between the 
surficial aquifer and the Floridan aquifer at several locations. This head 
difference is the driving force behind leakage and determines whether the 
leakage will be downward or upward. A positive head difference produces 
downward leakage, or Floridan aquifer recharge, while a negative head 
difference produces upward leakage, or Floridan aquifer discharge.

The rate of leakage at a given location is determined by the clay 
thickness, the head difference, and the hydraulic conductivity of the clay 
layer. The rate increases if the head difference or the hydraulic 
conductivity increases, while it decreases as the clay thickness is 
increased. It is relatively large in the DeLeon Springs area because the 
clay layer is thin. Leakage rates are low in the area between the Crescent 
City Ridge and the DeLand Ridge because the clay layer is thick and the 
head difference is relatively small.

The Floridan aquifer consists mainly of limestone of Eocene age. 
Its water-bearing capacity is derived from fissures and cavities within 
the limestone, and is constantly increased by the dissolution of the 
rock by slightly acidic rainwater recharging the aquifer. The top of the 
Floridan aquifer ranges between 30 and 150 feet below sea level (NGVD of 
1929) in the study area but generally is 40 feet below sea level in the 
ridge areas (fig. 7). The depth to the Floridan at any point in the 
study area may be estimated by subtracting the altitude of the top of 
the Floridan aquifer (fig. 7) from land surface altitude. Because the 
head in the Floridan is higher than the top of the aquifer, and the 
aquifer is overlain by a confining bed, the aquifer is referred to as 
an artesian aquifer in northwest Volusia County. The bottom of the 
freshwater-containing zone in the Floridan may be as much as 1,400 feet 
below sea level in northwest Volusia County. Below this altitude are 
limestone and dolomite formations that are saturated with saltwater. 
The altitude of the top of this saltwater zone, which is the bottom of 
the freshwater zone, locally becomes higher than -300 fe^t along Lake 
George and near DeLeon Springs. The Floridan aquifer is discussed in 
greater detail in the later sections.
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Figure 6. Generalized clay-bed thickness and hydraulic head difference
across the clay bed.
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Rainfall and Evapotranspiration

The average annual rainfall in northwest Volusia County for the 
period 1941-70 was 54.8 inches. This is calculated from the long-term 
average rainfall figures for the U.S. Weather Bureau stations at Crescent 
City and DeLand. Approximately 64 percent of the annual rainfall occurs 
in the months of June-October. With the exceptions of surface-water 
inflow from the St. Johns River and Little Haw Creek and a small ground- 
water inflow from the south, rainfall is the only source of water 
entering the northwest Volusia County area.

Evapotranspiration is the return of water from the surface to the 
atmosphere. It is the sum of direct evaporation and transpiration. The 
average evapotranspiration for this study area is estimated at 39 
inches per year based on values used by other investigators in central 
Florida. In Orange County, Lichtler and others (1968, p. 145) estimated 
that evapotransporation is 70 percent of rainfall, which in the case of 
northwest Volusia County, would be 38.5 inches per year. Knochenmus and 
Beard (1971, p. 45) estimated an evapotranspiration rate for Volusia 
County of 35 inches per year based on a rainfall rate of 52 inches per 
year. Grubb and Rutledge (1979, p. 21) calculated an average evapo 
transpiration of 40 inches per year in the Green Swamp, an area about 
50 miles south-southwest of northwest Volusia County. The evapo 
transpiration rate is a function of temperature, rainfall, relative 
humidity, albedo, soil type, vegetative type, and depth to the water 
table. Assuming that temperature, rainfall, relative humidity, albedo, 
and vegetative type do not vary in the study area, it is evident that 
areal variations in the rate of evapotranspiration are caused mainly by 
variations in soil characteristics and the depth to the water table.

Figure 8 shows the three general soil types in northwest Volusia. 
The soils of the St. Johns River floodplain and other inland wetlands 
are very poorly-drained swamp and marsh soils. These areas are inundated 
by surface water for a large part of the year, and thus exhibit the 
maximum possible evapotranspiration. The soils of the flatwoods are 
medium- to poorly-drained soils. The flatwoods are inundated for only a 
small fraction of the year, but the water table generally remains within 
3 feet of land surface. The sand ridge soils in the DeLeon Springs area 
probably allow significantly less evapotranspiration than do the soils 
of the other parts of the study area because the water table in the 
DeLeon Springs area is as much as 10 to 50 feet below land surface. In 
the Crescent City Ridge soils evapotranspiration is larger because the 
depth to the water table there is generally about 5 feet.

Runoff

After evapotranspiration, runoff is the second largest exit route 
of water from the surface in northwest Volusia County. The area is 
divided into two major surface drainage basins: The Little Haw Creek - 
Middle Haw Creek area and the St. Johns River - Lake George area (fig. 9)
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Figure 8. General soil types (from soil survey of Volusia County, 
Florida, U.S. Soil Conservation Service, 1980).
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Figure 9. Drainage basins, surface-water flow directions, stream-gaging 
stations, and surficial aquifer observation wells.
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Although these major drainage areas are separate in northwest Volusia, 
their streams eventually converge north of the study area near Palatka. 
Middle Haw Creek, which drains much of the flatwoods and swamps of 
north-central Volusia County and southern Flagler County, drains a 
relatively small part of northwest Volusia. Little Haw Creek drains a 
large part of the DeLand Ridge in addition to many of the swamps and 
flatwoods of northwest Volusia. To the north, its drainage area includes 
part of the Crescent City Ridge. Its channel runs through Lake Disston 
in Flagler County and converges with Haw Creek before it flows into 
Crescent Lake. The St. Johns River - Lake George drainage area is 
subdivided into the Deep Creek drainage area, the St. Johns River flood- 
plain, and the Lake George drainage area (fig. 9). Price Creek is part 
of the Lake George drainage basin. The ground-water discharge from 
Ponce de Leon Springs combines with water from Spring Garden Lake and 
Deep Creek, flows .westward through Lake Woodruff and Lake Dexter, and 
enters the St. Johns River. From here, the flow becomes northward and 
enters Lake George. Lake George is simply a very wide section of the 
St. Johns River. This major stream continues northward from Lake George 
outside the study area. Other small channels that enter Lake George 
from northwest Volusia include Price Creek, Willow Cove Branch, and 
Patty Branch.

At four stream-gaging stations shown in figure 9 a daily recording 
of stream stage is obtained and periodic measurements of streamflow are 
made. When a relation between streamflow and stage is formulated, a 
daily streamflow record can be tabulated. Different amounts of stream- 
flow data exist for these stations. Little Haw Creek near Seville has 
27 years of daily discharge data from 1954 to 1980. The average for 
this record is assumed to be the long-term average runoff. This long- 
term record was used as an index for calculating the long-term averages 
for the other stations by statistical methods. The 5-year average 
discharge of the Middle Haw Creek near Korona for 1976-80, for example, 
was multiplied by the ratio of the 27-year average of Little Haw Creek 
over the 5-year average of Little Haw Creek for 1976-80 to obtain the 
long-term average of Middle Haw Creek. The same technique was used to 
project the long-term average discharge of Price Creek near Pierson, 
which has a continuous record from September 11, 1979, to the present 
time (1980). The estimation of the long-term runoff rate at Price Creek 
is subject to considerable error because it is based on such a short 
period of data. Graphical correlation was used to determine the long- 
term average runoff at Deep Creek near Barberville using 26 periodic 
discharge measurements at that station between September 1964 and 
January 1973 along with the corresponding daily discharge of Little Haw 
Creek. A curve of relation between the two stations was plotted on 
logarithmic paper and the 88 ft^/s long-term average for Little Haw 
Creek corresponded to 36 ft 3 /s for Deep Creek. The following is a 
summary of runoff data at the four stations:
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Drainage area Average streamflow______
(mi 2 ) (ft d /s) (Mgal/d) (in/yry

Little Haw Creek
near Seville 93.0 88 57 12.8

Middle Haw Creek
near Korona 78.3 107 69 18.4

Price Creek
near Pierson 6 5 3 10

Deep Creek
near Barberville 35.4 36 23 13.8

The last column represents the average runoff rate for the various 
basins in inches per year. A basin which includes more swamps than sand 
ridges will exhibit more average areal runoff than a basin that includes 
more ridges than swamps. For the purpose of estimating the runoff rates 
for the entire study area, assume that any part of northwest Volusia 
County can be placed into one of the following soil-hydrology types and 
that the characteristic runoff for that soil-hydrology type is as follows:

Soil-hydrology Runoff rate Percentage of Percentage of 
_________type_______________(in/yr)_____Price Creek basin Deep Creek basin

Swamp or flatwood soils
in discharge areas 20 5 44

Swamp or flatwood soils 
in areas of no recharge 
or discharge 16 35 9

Flatwood soil in areas
of recharge 12 18 5

Ridge soils in areas
of surface drainage 6 30 39

Ridge soils in closed
basins 0 12 3

An estimate of runoff for the Price Creek basin and the Deep Creek 
basin can be calculated as the weighted average of the runoff rates 
taking into consideration the percentages of each basin that is occupied 
by each of the soil-hydrology types. The runoff rate estimates are 11 
inches per year for Price Creek near Pierson and 13 inches per year 
for Deep Creek near Barberville. Although estimates such as these are 
subject to considerable error, they may be useful in evaluating the 
water budget of the surficial layer over large areas. An understanding 
of the water budget of the surficial layer is a prerequisite to an 
understanding of the water budget of the Floridan aquifer.
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Water Budget of the Surficial Layer

The surficial layer consists of the land surface, the lakes, 
streams, ditches, the surficial aquifer, and the vegetation. A water 
budget is the accounting of inflow and outflow. Because the long-term 
water budget is being considered here, changes in storage are considered 
negligible. Water enters the northwest Volusia surficial layer in the 
form of rainfall, stream inflow, and upward leakage from the Floridan 
aquifer. It leaves the system by evapotranspiration, stream outflow, 
and downward leakage to the Floridan aquifer. For the purpose of this 
analysis, it may be assumed that stream inflow can be ignored. This 
assumption is made because it is believed that the St. Johns River and 
Little Haw Creek, which are both areas of discharge from the surficial 
and the Floridan aquifers within the study area, probably exit the 
northern boundaries with the same amount of water they had when they 
entered the study area in addition to the amount each gains from runoff 
and ground-water discharge within the study area. Therefore stream 
inflow and stream outflow are not calculated. Instead, local runoff is 
calculated and used as part of the budget.

Table 1 gives estimates of the water budget of the surficial layer 
for the five different combinations of soil type and hydrology previously 
discussed. Rainfall is assumed to be uniform throughout the study area. 
Upward leakage from the Floridan aquifer into the surficial layer is 
zero with the exception of one soil-hydrology type. Evapotranspiration 
is assumed to be 39 inches per year for all but one soil-hydrology type. 
Ridge soils in closed basins exhibit lower evapotranspiration because 
the depth to the water table in these areas may reach 50 feet. Runoff 
rates vary from one soil-hydrology type to another as estimated previ 
ously. Runoff and downward leakage supplement each other in such a way 
that an area of high runoff will Have low downward leakage and an area 
of low runoff will exhibit high downward leakage. The estimates of 
recharge used by Bush (1978, p. 26) agree with the downward leakage 
estimates of table 1. The average upward leakage for all areas of 
upward leakage in northwest Volusia County simulated in the Bush 
model is 4 to 5 inches per year. This compares well with the average 
upward leakage rate of 4 inches per year in discharge areas as shown on 
table 1. Downward leakage rates in the Bush model for the DeLand Ridge 
area reach 20 inches per year while those of the Crescent City Ridge 
reach 12 inches per year. These figures are in reasonabl^ agreement 
with the downward leakage estimates for ridge soils on table 1.

A water budget of the surficial layer for the entire northwest 
Volusia area may be calculated using the percentage of study area 
occupied by the five different soil-hydrology types (table 1). The 
values given in the last row of table 1 are the weighted-average com 
ponents of inflow and outflow for the study area. These represent the 
values of rainfall, upward leakage, evapotranspiration, runoff, and 
downward leakage averaged for the 262-square-mile study area. The 
downward leakage of 5 inches per year minus the upward leakage of 2 
inches per year is equal to the net leakage, or recharge, to the Floridan 
aquifer: 3 inches per year, or approximately 60 ft 3 /s.
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GROUND-WATER USE

Because irrigation water use makes up more than 90 percent of the 
total ground-water use in northwest Volusia County, it is the primary 
subject of this section. The total withdrawal sate for purposes other 
than irrigation is estimated from water-use data of the U.S. Geological 
Survey as 1 Mgal/d. Approximately 70 percent of this is domestic water 
use, with livestock, public, and industrial uses making up the remain 
der. The following discussion of irrigation water use in northwest 
Volusia is divided into (1) an irrigation well inventory, showing 
locations, construction details, and other data about wells, and (2) a 
section describing the distribution of irrigation well pumpage.

Irrigation Well Inventory

Irrigation wells were inventoried as part of this study so that 
locations, depths, and durations of pumping stress could be defined. 
Plate 1 (pocket) shows all irrigation wells inventoried for this study. 
Most irrigation wells are located on the well-drained soils of the sand 
ridges (fig. 8). The density of wells is greater in the Pierson area 
than it is in the Seville or DeLeon Springs areas. The greatest con 
centration of irrigation wells is in the northeast Pierson area. For 
the purpose of this report, the Pierson area may be defined as the town 
of Pierson and the areas within 2 miles of the town limits, in addition 
to the towns of Emporia and Barberville.

The irrigation well inventory was accomplished by visiting wells, 
identifying locations on maps with latitude-longitude coordinates, and 
interviewing owners about well construction and pumpage. The objective 
was to inventory all Floridan aquifer irrigation wells in use as of 
January 1980. Because the Floridan aquifer is by far the major source 
of ground-water use, irrigation wells open only to the surficial aquifer 
were not inventoried to any great extent. Included in plate 1 are new 
irrigation wells which had been drilled as of January 1980, but which 
were not yet in use. Abandoned irrigation wells were not included. Of 
the total wells for which this inventory was intended, the author 
believes that records were obtained for approximately 90 percent.

The supplementary data table at the end of this report gives 
information on all wells in northwest Volusia County for which data had 
been collected and stored in the computer files of the U.S. Geological 
Survey as of January 1980. Included are irrigation wells from plate 1.

Local well numbers are used to cross-reference between plate 1 and 
the data table (see plate 1, explanation). Local well numbers are based 
on latitude and longitude coordinates derived from a grid of 1-minute 
parallels of latitude and longitude. Wells within these quadrangles are 
assigned numbers that consist of the last digit of the degree and the two 
digits of the minute of the line of latitude on the south side of the 
quadrangle, the last digit of the degree and the two digits of the minute
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of the line of longitude on the east side of the quadrangle, and the two- 
digit sequence number assigned in the order in which the well within the 
quadrangle was inventoried. For example, well 905-116-02 was the second 
well inventoried in the 1-minute quadrangle north of lat 29°05' and west 
of long 81°16'. Local well numbers are shown unhyphenated on the well 
inventory table.

The well inventory (supplementary data) shows type of water use, and 
for irrigation wells, notes whether or not the well is used for freeze 
protection. The altitude of land surface at the well and the depth to 
water level in the well are also given. The last chloride concentration 
analysis, for each well having that data, is shown along with the date of 
sampling. Additional data for any well may be retrieved from the computer 
files of the U.S. Geological Survey using the well inventory table as a 
guide. This data, which may include additional water levels or chloride 
concentrations, for example, is retrieved by the 15-digit station numbers 
shown in the second column.

Depths of Floridan aquifer irrigation wells vary from 100 to 790 
feet in northwest Volusia County. The altitude of the bottoms of 
irrigation wells in the Pierson area (fig. 10) shows no general pattern 
but indicates that the average depth exceeds 300 feet. The deepest 
irrigation wells are in northeast Pierson.

Irrigation Well Pumpage

To define the overall irrigation water-use rates in northwest 
Volusia County, data were collected on the amount of acres irrigated, 
the withdrawal rate per acre, and the pumpage per time. Also noted for 
this overall water-use calculation was whether or not each well is used 
for freeze protection. The term "growth irrigation" is used in this 
discussion to apply to all irrigation which is for purposes other than 
freeze protection.

Data from the irrigation well inventory indicate that a total of 
1,470 acres of ferneries are growth irrigated in northwest Volusia County 
with 850 acres growth irrigated in the Pierson area alone. These estimates 
are based on acreage figures for early 1980. Data also indicate that acres 
freeze protected on March 3-4, 1980, were 1,260 for northwest Volusia 
County and 690 for the Pierson area alone. The mornings of March 3-4, 
1980, made up the most severe freeze of winter 1979-80.

The average application rate for irrigation of ferneries in north 
west Volusia County is approximately 160 (gal/min)/acre. This is the 
average rate for many measurements at individual wells which were made 
during freeze protection and growth irrigation.

The average total period of pumpage per time for irrigation wells in 
northwest Volusia County is 210 hours per year. The pumpage for the 
period November 15 to March 15 is 110 hours, which represents approxi 
mately 50 percent of the pumpage. These rates were derived from readings of
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diesel hour meters on diesel-powered pumps and readings of kilowatt-hour 
meters on electrically-powered pumps during the period November 1978 through 
November 1980. A total of 60 pumps were monitored at locations throughout 
the study area. A greater number of pumps in Pierson were monitored than 
elsewhere. The metered time versus actual time was monitored for six 
diesel hour meters. All meters were accurate within 10 percent. Elapsed 
pumping time was determined for electrically-powered irrigation well pumps 
by calibrating the power consumption per time. Kilowatt-hour readings 
could then be converted to period of pumpage figures.

The long-term average ground-water irrigation use from the Floridan 
aquifer is 8.1 Mgal/d in northwest Volusia County, of which 4.7 Mgal/d is 
the use rate for the Pierson area alone. For the 4-month-long winter from 
November 15 to March 15, the figures are 13.0 Mgal/d for northwest Volusia 
County, of which 7.6 Mgal/d is for the Pierson area. The peak water-use 
rate calculated for March 3-4, 1980, was 300 Mgal/d for northwest Volusia 
County, of which 170 Mgal/d was for the Pierson area. These peak-use rates 
are slightly higher than the average rates would indicate because the 
estimate of acreage freeze protected is probably slightly smaller than the 
actual acreage.

TESTING OF PHYSICAL PROPERTIES OF THE FLORIDAN AQUIFER 

Geophysical Logging of Wells

Geophysical logging was performed on wells as part of this study 
for the purposes of (1) defining well depths and depths of casing, (2) 
estimating thickness of the surficial aquifer, the thickness of the clay 
beds, and the depth to the Floridan aquifer, (3) defining formation 
characteristics such as altitude of permeable zones, and (4) determining 
the vertical flow regime in the Floridan aquifer. Figure 11 shows wells 
in northwest Volusia County for which geophysical logs are available. 
Most logging was performed by the U.S. Geological Survey during this 
investigation, although several logs were provided by the St. Johns 
River Water Management District. Geophysical logs were instrumental in 
providing data for other sections of this report.

Lithologic information, geologic information, and geophysical logs 
are shown in figure 12 for a well that is typical of the Pierson area. 
The top sand layer is the Holocene and Pleistocene deposits that make up 
the surficial aquifer. Next are the Pliocene and Miocene interbeds of 
clay, sand, and shell. These clay layers form the confining bed. 
Beginning at 120 feet below land surface are the limestone formations 
that, as a unit, make up the Floridan aquifer. The well casing has been 
driven through the unconsolidated layers of sand, clay, and shell of the 
surficial aquifer and the confining beds. From the top of the Floridan 
aquifer to the bottom of the well, the well consists of an open hole in 
limestone. It is from this interval of 120 to 480 feet that water is 
withdrawn. The highest peaks of the natural gamma log are the result of
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Figure 11. Wells for which geophysical logs are available.
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clay layers because the natural gamma activity of clay-bearing sediments 
is much higher than the activity of quartz sands and carbonate materials. 
The gamma activity, which is detectable through the iron casing of this 
well, shows that clay beds begin at 40 feet below land surface and end 
at 115 feet, and that the clay beds are interbedded with layers of 
relatively inactive materials. The caliper (hole-diameter) log shows 
that the 10-inch-diameter casing is 120 feet deep and also shows altitudes 
of the more porous zones in the limestone formations. These zones of 
greater hole diameter are centered around the 130-foot and the 440-foot 
depths. The values of borehole flow shown on figure 12 were derived 
from brine-trace logs. A plume of brine water was released in the 
borehole and its vertical movement under nonpumping conditions was 
recorded with an electrical conductance probe. The borehole flow 
apparently enters between 120 and 160 feet and exits farther down. 
This indicates that the head in the top of the Floridan is higher than 
the head farther down at this site.

Caliper logs of several wells in the study area (fig. 13) show that 
the altitudes of porous zones in the Floridan aquifer vary from one 
location to another. The first three logs are from wells in the DeLeon 
Springs area, followed by four from the Pierson area and one from the 
Seville area. Generally, the upper 50 feet of the Floridan is rela 
tively permeable in the Pierson area. This zone is followed by 200 or 
more feet of less permeable rock, below which is another zone of higher 
permeability. Well 915-126-19, which is in the east Pierson area, was 
drilled deeper than most wells in the area because the drjiller did not 
penetrate zones of high permeability. The second and third logs in 
figure 13 are typical of the DeLeon Springs area. These logs show 
vertically extensive zones of high porosity.

Aquifer Tests

An aquifer test is a field experiment used in ground-water studies 
to determine physical characteristics of an aquifer such as its ability 
to transmit and store water. Depending on the amount of data collected 
and the amount of analytical methods used, a test can also yield quanti 
tative information about the ratio of vertical to horizontal hydraulic 
conductivity in the aquifer and the water-transmitting capacity of the 
confining beds above the aquifer. The eight aquifer tests performed as 
part of this study are of simple design and are used only to give values 
of transmissivity and storage coefficient. A quantitative knowledge of 
transmissivity and storage coefficient aids in the understanding of the 
water budget of the aquifer and the effects of drawdown caused by ground- 
water withdrawals for freeze protection.

The test design for each of the eight aquifer tests consisted of 
one production well pumping at a constant known rate and one observation 
well 400 to 1,000 feet away in which water-level drawdown was measured 
during the pumping period. Most production and observation wells are 
fernery irrigation wells that penetrate at least 100 feet into the 
Floridan aquifer.
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The analytical methods used apply to isotropic, homogeneous, non- 
leaky artesian aquifers with fully penetrating production wells of 
constant discharge. The transmissivity of an aquifer is defined as the 
rate of flow of water at the prevailing kinematic viscosity through a 
unit width of the aquifer and extending the full saturated thickness of 
the aquifer under a unit hydraulic gradient (modified from Lohman and 
others, 1972, p. 13). The term "apparent transmissivity" is used 
because the conditions of isotropy and full penetration of wells gen 
erally are not met. Isotropy is defined as the condition in which all 
significant properties of the aquifer are independent of direction 
(Lohman and others, 1972, p. 9). The storage coefficient of an aquifer 
is the volume of water that is released from or taken into storage, per 
unit change in head per unit surface area of the aquifer (modified from 
Lohman and others, 1972, p. 13). Although the assumption that the 
aquifer is nonleaky is actually incorrect, it is a reasonable assumption 
for the purposes herein because the tests are short in duration and 
observation wells are relatively close to the production well in each 
test.

The data for each aquifer test were analyzed by two methods which 
are referred to here as the curve-matching method and thq straight-line 
method. In the curve-matching method, the time-drawdown data are plotted 
on logarithmic paper and superimposed on a type curve for nonsteady 
radial flow without vertical movement (Lohman, 1972). A match point is 
selected, and match point values of s, t, W(u), and u are determined. 
These values are used to solve for transmissivity and storage coefficient 
from the following equations:

W(u)

for u = ATt 

where

T = transmissivity (feet squared per day),

S = storage coefficient (dimensionless),

Q = discharge rate from pumping well (cubic feet per day)

s = drawdown (feet) ,

W(u) = the well function of u,

t = time after discharge started (days), and

r = distance from production well to observation well (feet).
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In the straight-line method, drawdown is plotted against the log of time 
and transmissivity and storage coefficient are calculated from the follow 
ing equations:

2.30 Q
4lIAs/AlogiQt

where all terms are as previously defined, and As/Alogi0t is the slope 
of the straight-line part of the curve and (t/r 2 )o is the value of t/r2 
attained for the point where the straight-line projection intersects the 
line of zero drawdown.

The plots used for analysis of the eight aquifer tests are shown 
in figures 14-21. Each figure shows the plot used for the curve-matching 
method and the plot used for the straight-line method. For plots in 
which the curve-matching method was used, the values of w(u) u, s, and t, 
which define the match point, are shown. For plots in which the straight- 
line method was used, the value of As/AlogiQt, which is the slope of the 
straight-line projection, is shown on the graph. Also shown for these 
plots is the value of t where the straight-line projection intersects 
the line of zero drawdown: tg. The apparent values of transmissivity 
and storage coefficient are in table 2. Transmissivities range from 
6,300 to 89,000 ft 2 /d while storage coefficients range from 0.0003 to 
0.0013.

The equations used for calculating T and S by the straight-line 
method should only be used when u is less than or equal to about 0.02. 
Considering that u - r 2S/4Tt, and solving this equation for t after 
substituting values of T and S obtained by the curve-matching method, 
a value of critical time is obtained for each aquifer test. Critical 
time is the time after which the data may be used for determination of 
transmissivity and storage coefficient using the straight-line method 
and the values thereof are:

Test No. Critical time in minutes

1 120
2 170
3 250
4 630
5 260
6 115
7 550
8 140

Most of the tests were .not run for periods of time that were long enough 
to reach critical time. For this reason, the results of the straight-line 
method may be unreliable in comparison with those of the curve-matching 
method. It is worthy of note, though, that corresponding results using
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the two different methods were in reasonable agreement (table 2). An 
explanation of this may be that the rule setting the upper limit of u 
as 0.02 may be conservative, and that higher values are acceptable within 
certain limits.

The semilog data plots for tests 2 and 7 (figs. 15 and 20) do not 
become straight close to the end of the tests. This may result, in 
part, from the fact that critical time had not been exceeded. For this 
reason, the results using the curve-matching method may be more reliable 
for these tests.

Specific Capacities

The specific capacity of a well is related to the ability of the 
aquifer the well penetrates to transmit water, and thus is related to 
the transmissivity of the aquifer. Specific capacity data were col 
lected as part of this study for the purpose of adding to the under 
standing of transmissivity of the Floridan aquifer in the northwest 
Volusia County area. The specific capacity is the ratio of pumping rate 
from a well to the drawdown in the well. Following the assumptions of 
the previous section, specific capacity is related to transmissivity by 
the following equation:

(from Lohman, 1972)
2.30 logic 2.25Tt/rw2S

where

s = drawdown at production well, in feet, 

r = radius of production well, in feet,

and other terms are as previously defined. The equation shows that specific 
capacity, Q/s , is nearly proportional to T at a given value of t, but 
gradually diminishes as t increases, by the amount 1/logiQt. The value 
of transmissivity calculated for a given test is sensitive to specific 
capacity but relatively insensitive to values of t, r , and S. The equa 
tion is based on the assumption that the well is 100 percent efficient. 
This assumption, which may be weak, was checked for a few of the specific 
capacity determinations by a comparison of the results with those of 
aquifer tests.

Table 3 shows specific capacity results for 10 wells. Four of the 
specific capacity tests were performed during the two-well aquifer tests 
described previously. The values of estimated borehole radius, r , were 
derived from a knowledge of casing diameter and of caliper logs for the 
area. An 8-inch-diameter well in Pierson, for example, will generally 
have an average borehole radius of 0.6 foot. Estimates of S came from 
results shown on table 2.
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Discussion of Physical Properties of the 
Floridan Aquifer

Apparent transmissivities from aquifer tests and specific capac 
ities are shown in figure 22. The average of transmissivity values in 
the Seville and Pierson areas is approximately 20,000 ft2 /d while that 
of the DeLeon Springs area is 50,000 ft2/d. These generalized transmis 
sivity values agree reasonably well with the digital model by Bush 
(1978), which included an average transmissivity of 27,000 ft2/d in the 
Seville and Pierson areas, and an average transmissivity of 50,000 ft2 /d 
in the DeLeon Springs area. The transmissivity distribution in the 
model was considerably more uniform in the Seville and Pierson areas 
than it was in the DeLeon Springs area. The difference in average trans 
missivity between the Crescent City Ridge area and the DeLand Ridge area 
is supported by caliper logs which show considerably larger cavities in 
the DeLeon Springs area. The highest apparent transmissivity of 160,000 
ft2 /d was calculated from a specific capacity in the DeLeon Springs 
area. The lowest apparent transmissivity was the 4,500 ft 2 /d calculated 
for a well in the east-central Pierson area. The deepest irrigation 
wells in the study area are located in this area of low transmissivity 
because drilling operations tend to continue until a desired well yield 
is obtained.

The aquifer test results generally show good correlations between 
transmissivity calculations performed by the various methods. Aquifer 
test 6 showed the only significant departure in results between the 
curve-matching method and the straight-line method. Because the straight- 
line method is sensitive to errors in the data which would cause an 
apparent change in the slope of the straight-line part of the plot, the 
result obtained by the curve-matching method, 29,000 ft 2 /d, is probably 
more reliable.

The specific capacity results (table 3) agree reasonably well with 
those of the curve-matching method for tests 3 and 7. The corresponding 
results for test 4, on the other hand, show a considerable difference. 
This difference is not caused by well loss because well loss would create 
a lower calculated T value from specific capacity than that from the 
curve-matching method. The values of transmissivity calculated from 
aquifer test 8 are considerably larger than the value from the specific 
capacity, apparently because the pumping well is considerably less than 
100 percent efficient. Unpublished drawdown data from two other observa 
tion wells monitored during the test support the two-well aquifer test 
results, and not the specific capacity results.

Apparent values for storage coefficient range from 0.0003 to 0.0013. 
The higher number may not be reliable because it was obtained from the 
straight-line analysis of test 6. Without it, the range of storage co 
efficient values is 0.0003 to 0.0011. The average of all values is 
0.0006. The values of apparent storage coefficient for the Pierson area,
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NUMBER, IF 
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20,000 (CM.)  « CURVE-MATCHING METHOD(2 WELLS) 
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Figure 22. Apparent transmissivity data from aquifer tests and specific
capacities. ,,,
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from tests 2-5, range from 0.0004 to 0.0007 and average 0.0005. Apparent 
storage coefficient values may be subject to error because of (1) lack 
of early data for most tests, and (2) divergence of early data, where 
available, from the Theis curve.

FLORIDAN AQUIFER FLOW SYSTEM 

Potentiometric Surface

Potentiometric surface maps were constructed to understand the dis 
tribution of hydraulic head and the directions of flow within the Floridan 
aquifer. These are made with measurements of the altitude of the water 
surface in wells that are cased into the aquifer. The observation wells 
used for constructing potentiometric surface maps (fig. 23) are described, 
among other wells, in the well inventory table at the end of the report. 
The potentiometric surface is shown during a period of high water (fig. 24) 
and during a period of low water (fig. 25). Each map was constructed from 
approximately 60 water-level measurements.

The three potentiometric highs in northwest Volusia County are in 
the north Seville area, the east Pierson area, and the area east of 
DeLeon Springs. Potentiometric highs may be created by a combination of 
recharge, low transmissivity, and remoteness of discharge areas. A 
potentiometric high is not necessarily an area of high recharge, although 
some recharge must occur. The closed surficial drainage basins in the 
Seville and Pierson highs (fig. 9), because of their characteristic high 
recharge, probably play an important part in forming these areas of high 
potentiometric surface. The anomalously low transmissivity in the east 
Pierson area (fig. 22) accounts in part for this potentiometric high. 
The potentiometric high east of DeLeon Springs is the northwestern 
corner of the central Volusia potentiometric high. Most of this potentio 
metric dome is located southeast of the study area, and is outside the 
area shown on figures 24 and 25. This high exists mainly because of the 
remoteness of discharge areas. The potentiometric high of central 
Volusia is an area of low recharge although it is flanked on the west by 
the DeLand Ridge, which allows a relatively large downward leakage.

Potentiometric depressions in northwest Volusia County are caused 
by direct ground-water discharge in springs and by upward leakage through 
the confining bed. The 20 Mgal/d discharge from Ponce de Leon Springs 
accounts for the closed 10-foot contour in the southern part of the 
study area. This depression extends to the west because of upward 
leakage in the Lake Dexter - Lake Woodruff area. Another depression 
around Lake George indicates upward leakage. Upward leakage also occurs 
in the northern part of the study area near Crescent Lake. The potentio 
metric surface is generally above land surface in these areas of upward 
leakage through the confining bed.
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Figure 23. Floridan aquifer water-level observation wells.
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 20.5 WELL NUMBER IS ALTITUDE OF WATER LEVEL IN

WELL, IN FEET ABOVE NATIONAL GEODETIC VERTICAL 
DATUM OF 1929

 IS  POTENTIOMETRIC CONTOUR SHOWS ALTITUDE AT

WHICH WATER LEVEL WOULD HAVE STOOD IN TIGHTLY 

CASED WELLS THAT TAP THE FLORIDAN AQUIFER, 

OCTOBER 1979. CONTOUR INTERVAL 5 FEET. NATIONAL 
GEODETIC VERTICAL DATUM OF 1929
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Figure 24. Potentiometric surface of the Floridan aquifer, October 1979.
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Figure 25. Potentiometric surface of the Floridan aquifer, May 1979.
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The potentiometric maps shown are for periods of little pumping 
stress. The head distribution may vary considerably during times of 
pumpage. A discussion of drawdowns due to pumpage is in a later section.

Flow Directions in the Floridan Aquifer

The flow of water in an aquifer is from a point of high head to low 
head. The flow may be thought of as having a horizontal component and a 
vertical component. If, for example, the head decreases in the aquifer 
in the northward direction and also decreases in the downward direction, 
then the ground-water flow has a northward component and a downward 
component. Farther along the path of flow, the vertical component may 
change to the upward direction as a discharge area is approached.

The horizontal component of flow is generally at right angles to 
potentiometric contours. Arrows showing these flow directions (fig. 26) 
radiate from recharge areas or potentiometric highs and converge on areas 
of ground-water discharge. The study area may be divided into three 
ground-water basins on the basis of flow directions. Flow in one basin 
is toward Lake George, flow in another is toward Flagler County, and in 
the third, to the Lake Woodruff and Ponce de Leon Springs area (fig. 26). 
Most of the water in these basins is recharged within the boundaries of 
the study area. The only ground-water inflow to the study area is along 
the southern boundary of the study area.

Figure 26 also gives information about the vertical component of 
flow in the Floridan aquifer. Downward borehole flow in a well indicates 
that the head is greater in the upper zone penetrated than in the lower 
zone penetrated and therefore indicates a downward vertical flow component 
The downward flow in the aquifer would exist in the absense of the well. 
An upward borehole flow indicates an upward vertical flow component 
within the aquifer. If two adjacent wells open to different altitudes 
within the Floridan have dissimilar water levels, then the vertical 
component of ground-water flow is (1) downward if the shallow well head 
exceeds the deep well head, or (2) upward if the deeper well has greater 
head than the shallow well. The borehole-flow tests mentioned here were 
accomplished with brine-trace logs. Care was taken to insure that very 
little pumping stress was taking place during brine-trace logging and 
while determining head differences between adjacent wells.

The study area can be divided into areas with artesian flow and 
areas without artesian flow (fig. 27). In an area of artesian flow, the 
static water level in wells open to the Floridan aquifer is higher than 
land surface. These wells will flow without pumping if they are open at 
land surface. The potentiometric surface of October 1979 (fig. 24) was 
used to construct figure 27. The areas of artesian flow during low 
water periods will be less than that shown on the map, and especially so 
in the vicinity of Little Haw Creek.
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COMPONENT OF GROUND-WATER FLOW

NOTE:HEAD-DIFFERENCE DATA OR BOREHOLE FLOW DATA
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10'

29° 05' I
R 28 E R 29 E R 30 E

Figure 26. Directions of ground-water flow in the Floridan aquifer,
October 1979.
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Figure 27. Areas of artesian flow of Floridan aquifer in northwest Volusia
County, October 1979.
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Areas of artesian flow are usually areas of upward leakage, or dis 
charge, from the Floridan aquifer while other areas exhibit downward 
leakage, or recharge, to the Floridan. The actual area of upward leakage 
may exceed that shown because some discharge may occur where the potentio- 
metric surface is below land surface as long as the potentiometric 
surface is higher than the water table in the surficial aquifer. Approxi 
mately 40 percent of the study area is characterized by discharge from 
the Floridan.

Flow-Net Analysis and Water Budget

If the potentiometric surface and the transmissivity of an aquifer 
are known, the flow rate may be calculated for any point in the system. 
It follows that if the head gradient across the outflow boundary of a 
recharge area is known and the transmissivity at that boundary is also 
known, then the total outflow rate for that recharge area may be calcu 
lated, and thus, so may the average recharge rate for the area assuming 
steady-state conditions. Flow-net analysis, when used in conjunction 
with known discharges, can yield an understanding of the water budget of 
an aquifer.

Using equation 137 from Lohman (1972, p. 47) that relates ground- 
water flow to the potentiometric surface and the transmissivity of the 
aquifer, the flow can be calculated from Darcy r s Law: ., ,

T Ah Li + L? I '
Ar 2 

where

Q = rate of flow perpendicular to a potentiometric contour, in cubic 
feet per day,

T = transmissivity of the aquifer in feet squared per day, 

Ah = change in head between the two contours, in feet, 

Ar = distance between the two contours, in feet, 

LI, 1,2 = respective lengths of the two contours, in feet.

The flow-net diagram (fig. 28) was derived from the potentiometric 
surface map (fig. 24) and shows the outflow boundaries of areas A, B, C, D, 
E, and F as the midline between potentiometric contours. Each of the 
corresponding contours differ by 5 feet with the exception of the contours 
representing the outflow boundary of area B, in which case the contours 
used are the 15-foot contour and the inferred 17-foot contour. The areas 
between contours have been segmented into near-rectangular flow cells which 
are numbered 1 through 36. The flow equation above was applied to each
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EXPLANATION

AREA B DESIGNATION OF AREA FOR WHICH RECHARGE IS          CALCULATED

BOUNDARY OF AREA FOR WHICH RECHARGE IS CALCULATED 

14 \ FLOW CELL WITH NUMBER DESIGNATION (SEE TABLE 4)

2345 MILES
1111

29° 05'
R 28 E R 29 E R 30 E

Figure 28. Flow net of Floridan aquifer in northwest Volusia County (areas 
and flow cells derived from potentiometric surface map of October 1979 in 
figure 24; area names refer to tables 5 and 6).
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cell in the simplified form Q = TIL wherein I represents Ah/Ar and L 
represents (Lj + 1,2)/2. In calculations L was measured as the width of the 
segment midway between contours and Ar was measured as the average distance 
between contours for each cell. Results of the calculations are shown in 
table 4.

The estimated transmissivity at the outflow boundaries of areas A, B, 
E, and F was 15,000 ft2/d, while the estimated transmissivity at the 
outflow boundary of area C was 20,000 ft 2 /d and that of area D, 60,000 
ft /d. These values are in reasonable agreement with observed transmis- 
sivities from figure 22.

The total outflow, and thus, the total recharge for areas A through 
F, is calculated as 63 ft 3 /s (table 5) assuming steady-state conditions. 
This is equal to a net recharge rate of 3.9 in/yr. Because areas A 
through F include discharge areas (fig. 27), the total downward leakage 
to the Floridan is greater than 63 ft^/s. The 63 ft 3 /s net recharge is 
the algebraic sum of a larger number which represents downward leakage 
minus upward leakage within the area.

The calculated recharge rate of area A is relatively high. This 
could be because area A includes a large part of the Crescent City Ridge. 
Areas B and E, which include sections of the Crescent City Ridge, have 
net recharge rates between 2 and 3 inches per year. Area B is covered 
with flatwood soils in 80 percent of its expanse (fig. 8). Area E, on 
the other hand, includes ridge soils with good recharge capability over 
one-third of its area. The reason for the low calculated recharge rate 
of the latter is not readily apparent, although it may exist because of 
errors in the potentiometric map arising from sparse water-level data 
northeast of Seville. Areas C and F have very low net recharge rates 
because they are covered largely by flatwood and swamplands and because 
they include significant areas of discharge (fig. 27). Area D has a 
calculated recharge that is much larger than that of the other four 
areas, probably because of the coincidence of extensive closed basins 
(fig. 9) and low clay-bed thickness (fig. 6).

To describe the water budget of the Floridan aquifer for the entire 
northwest Volusia County area, the areas outside of areas A through F 
must also be analyzed. Areas G through L (fig. 28) which are covered 
almost entirely by discharge areas, are fed mainly by horizontal ground- 
water inflow from areas A through E. Area I is fed by horizontal inflow 
from outside the study area. Water leaves areas G, H, I, J, K, and L by 
upward leakage or horizontal outflow. Using the 4 in/yr upward leakage 
rate for discharge areas (table 1), the budget of these areas may be 
estimated (table 6). Horizontal outflow for each area is the difference 
between inflow from flow-net analysis and upward leakage. The upward 
leakage is assumed to be equal to inflow for area H because the 4 in/yr 
rate would exceed the horizontal inflow from area B. Area K, which is 
one-third discharge area and two-thirds upland ridge, has a net downward
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Table 4. Quantity of flow leaving areas A, B, C, D, E, and F,
calculated from the equation Q = TIL

Cell 
No.

1
2
3
4
5

6
7
8
9

10

11
12
13
14
15

16
17
18
19
20

21
22
23
24
25

26
27
28
29
30

31
32
33
34
35
36

T 
(ft 2 /d)

15,000
15,000
15,000
15,000
15,000

15,000
15,000
15,000
15,000
15,000

15,000
15,000
15,000
15,000
15,000

15,000
15,000
20,000
20,000
20,000

60,000
60,000
60,000
60,000
60,000

60,000
60,000
15,000
15,000
15,000

15,000
15,000
15,000
15,000
15,000
15,000

I 
(ft/ft)

5/2,620
5/4,010
5/4,790
5/4,230
5/6,230

5/7,500
5/8,550
5/9,400
2/9,000
2/6,600

2/5,070
2/4,380
2/3,700
2/3,540
2/3,270

2/3,270
2/3,700
5/9,400
5/7,660
5/6,380

5/3,960
5/2,530
5/2,060
5/2,220
5/2,850

5/3,380
5/4,750
5/3,220
5/3,800
5/4,540

5/5,020
5/5,970
5/7,810
5/12,700
5/11,800
5/12,000

L 
(ft)

16,800
10,000
8,450
26,400
2,750

1,850
1,060
1,580
1,580
2,530

2,010
2,110
3,270
2,530
2,380

7,290
6,650
7,920
3,640
3,220

5,070
3,800
2,640
2,640
5,020

4,960
5,120
4,220
4,750
4,070

5,170
6,180
7,550
9,610
31,900
9,660

(ft 3 /s)

5.56
2.17
1.53
5.41
0.38

0.21
0.11
0.15
0.06
0.13

0.14
0.17
0.31
0.25
0.25

0.77
0.63
0.96
0.55
0.58

4.45
5.21
4.46
4.13
6.11

5.10
3.74
1.14
1.08
0.78

0.86
0.90
0.84
0.66
2.35
0.70
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Table 5. Flow-net summary

Area 
designation Square miles

Outflow Calculated recharge 
(ft 3 /s)________in/yr_____

A 

B 

C 

D

E 

F

48.61

18.46

30.78

33.76

29.32

55.59

15.5

2.7

2.1

33.2

5.6

3.7

4.3 

2.0 

0.9 

13.4 

2.6 

0.9

Total 216.52 63 3.9
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leakage of 3.7 ft 3 /s. This was calculated by assuming that the 13 in/yr 
recharge rate for area D applies to the ridge portion of area K and that 
the 4 in/yr discharge rate applies for its discharge portion. Horizon 
tal outflow is zero for area H and area I because their flows converge 
upon each other and turn into upward leakage. The horizontal outflows 
of areas J and K become direct ground-water discharge from Ponce de Leon 
Springs and the flowing wells near the spring. The spring discharge 
measured on November 2, 1979, was 30.9 ft 3 /s. If an estimated 4 ft 3 /s 
flow rate from flowing wells near the spring is added to the spring 
discharge, the rate of ground-water discharge becomes approximately 
35 ft 3 /s. This is in reasonable agreement with the 37.5 ft 3 /s outflow 
of areas J and K. The 12.0 ft 3 /s outflow from area G may be thought of 
as horizontal outflow from the study area although it ultimately leaves 
the ground-water system by upward leakage into Lake George. This may 
also be the case for the 2.1 ft 3 /s outflow from area L, which ultimately 
leaves the system by upward leakage in Crescent Lake and in parts of 
Flagler County.

The estimated budget of the Floridan aquifer for areas A though L 
(table 7) was derived from the preceding flow-net analysis and from the 
analysis of the areas residual to the flow net. The net recharge rate 
is the total outflow of areas A though F minus the total upward leakage 
for areas G through L. This 55 ft 3 /s rate, when applied to the 274-square- 
mile area, is 2.7 in/yr net recharge. The net downward leakage from the 
surficial layer estimated earlier (table 1) for the 262-square-mile 
study area was 3 in/yr. The 12-square-mile area difference exists 
because the present analysis includes a small part of Flagler County 
(fig. 28). The only remaining inflow to the system is the 2 ft 3 /s 
estimated ground-water inflow from the south. After upward leakage, the 
only outflows from the Floridan aquifer from northwest Volusia are 
direct spring and flowing well discharges at Ponce de Leon Springs and 
horizontal outflow to Lake George, Crescent Lake, and Flagler County. 
Because this budget was derived from an unstressed potentiometric 
surface, it is probably only valid as a water budget of the Floridan 
aquifer in its natural unstressed condition. The water budget under 
present pumping stress will be described in a later section.

Flow-net analysis and the resulting assessment of the Floridan 
aquifer water budget in northwest Volusia County are not without proba 
bility of significant error. The observed values of tratnsmissivity are 
the largest source of probable error, with local variation of at least 
25 percent around average regional transmissivities. The determinations 
of I and L (table 4) have built-in inaccuracies of approximately 5 
percent each. The 4 in/yr estimation of upward leakage in discharge 
areas is an approximate average of this rate for all discharge areas. 
The actual rate, though, ranges from a small fraction of an inch per 
year in areas of minimal hydraulic gradient through the confining layer 
to perhaps as much as 6 in/yr in areas of maximum gradient and minimum 
confining bed thickness. The cumulative flow-rate error resulting from 
the above-mentioned parameter errors may be considerably higher. Of 
importance, though, is the fact that many of the potential errors
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Table 7. Estimated budget of Floridan aquifer without pumping
stress for areas A-L (fig. 28)

Inflow

Net recharge 

Horizontal inflow

Total

Cubic feet 
per second

55 

_2 

57

Outflow

Spring discharge and flowing wells 
near spring

Horizontal outflow 
to Crescent Lake and Flagler County 
to Lake George

Total

Cubic feet 
per second

38

7
12

57
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mentioned represent "noise" between the values of each of these hydro- 
logic parameters, and these errors may tend to cancel each other out 
when the entire flow system is considered. For example, the actual 
transmissivities along the outflow boundary of area A (fig. 28) might 
range from 10,000 ft2 /d to 20,000 ft2 /d, and these variations may result 
in flow-rate errors from site to site of as much as 33 percent. Nonethe 
less, the total actual flow rate through this large outflow boundary may 
be close to the calculated flow rate through the boundary because the 
average actual transmissivity is close to the 15,000 ft2 /d value used in 
the flow-net analysis. For these reasons, it is the final overall water 
budget (table 7) that has the most accuracy of all the estimations in 
this section and caution should be used when the specific estimations of 
tables 4 through 6 are utilized.

Occurrence of Brackish Water in the Floridan Aquifer

A considerable number of analyses of chloride concentration have 
been performed on water from the Floridan aquifer in northwest Volusia 
County. The reasons for this are that chloride concentration is a com 
monly used index of how brackish a water is, and brackish water contami 
nation is a major potential water problem in the area. Water having a 
chloride concentration of not more than 250 mg/L is acceptable for 
public supply. A chloride concentration in irrigation water exceeding 
700 mg/L may be damaging to ferns. Water having chloride concentrations 
in excess of 250 mg/L may be referred to as brackish. If the concentra 
tion approaches 19,000 mg/L, the water has a salt concentration close to 
that of the ocean, and is referred to as saltwater.

It is the purpose of this section to describe the present occurrence 
of brackish water. A later section will evaluate changes in salt con 
centration with the passage of time. Although the Floridan aquifer 
contains very good-quality water in most of the study area, it contains 
brackish water in its upper zones along the western and southern limits 
of the area and saltwater is also present in deeper zones of the aquifer 
throughout the area.

Concentrations of the principal chemical constituents of water from 
wells in northwest Volusia County are given in table 8. Twenty-five of 
these analyses were performed during November and December of 1978 as 
part of this study. Well 911-129-01 and well 914-127-01 were sampled in 
1965 and 1978, while all others were sampled only once. All analyses 
are of Floridan aquifer wells except for that of 905-117-03, which is 
open to the surficial aquifer. More information about the wells sampled 
is available in the well inventory in the back of the report.

The chloride concentration of water in the upper part of the Floridan 
aquifer is very low in most of the study area (fig. 29). Areas of 
brackish water in the upper part of the aquifer are near Lake George and 
in the Lake Dexter - Spring Garden Lake area. Although the 26 to 250 
mg/L chloride concentration range does not represent brackish water, it
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TABLE 8. ANALYSES OF WATER

LOCAL DATE

SPE 
CIFIC 
CON-

NO. OF DUCT-
STATION NUMBER

290520081211301
290534081175001
290534081175002
290534081175003
290538081213501

290550081162601
290551081180101
290552081161001
290612081214101
290625081201801

290635081202501
290646081213701
290704081155301
290849081203101
291008081204801

291008081304801
291111081291401
291112081282601
291128081291501

291222081243801
291258081313701
291339081192901
291340081192501
291347081295801

291422081254701
291426081224001
291431081272001

291435081255301

291452081261701
291458081294201
291504081264801
291508081302801
291523081263101

291528081262001
291802081274101
291835081324201
291838081280601
291851081304101

291910081312401
291955081304001

90512110
90511701
90511702
90511703
90512102

90511601
90511801
90511602
90612107
90612007

90612004
90612101
90711502
90812001
91012001

90913001
91112915
91112802
91112901
91112901

91212401
91213103
91311908
91311902
91312901

91412505
91412205
91412713
91412713
91412509

91412610
91412901
91512608
91513001
91512606

91512614
91812702
91813201
91812803
91813001

91913101
91913001

SAMPLE

65-08-18
66-04-21
66-04-21
66-04-21
78-12-14

65-08-05
65-05-12
65-08-05
78-12-18
78-12-15

78-12-14
78-12-18
78-12-15
65-08-13
65-08-20

65-08-12
78-12-13
78-12-14
65-08-12
78-12-18

65-08-17
78-12-18
65-08-05
65-08-05
78-12-18

78-12-08
78-12-15
65-08-12
78-12-15
78-12-14

78-12-20
78-12-20
78-12-18
78-12-20
78-11-21

78-12-15
78-11-30
65-08-17
78-11-30
78-11-30

78-12-20
65-08-20

ANCE
(UMHOS)

240
370
360
88
 

410
260
270
--
 

 
--
__

400
195

588
 
 

268
--

360
 

315
350
 

_
 

210
__
--

__
 
 
__
 

  .
 

3200
__
 

 
235

BICAR 
BONATE 

FET-FLD
CAR 
BONATE

HARD 
NESS

HARD 

NESS, 
NONCAR-

CALCIUM 
DIS-

MAGNE 

SIUM, 
DIS-

SODIUM, 
DIS-

PH (MG/L FET-FLD (MG/L BONATE SOLVED SOLVED SOLVED

(UNITS)

7.4
7.6
7.8
6.7
 

7.7
7.6
7.8
__
 

 
 
 

7.5
7.5

_
--
__

7.7
--

7.8
 

7.4
8.1
 

 
__

7.5
 
 

__
 
__
__

 
 

7.7
 
 

 
S.O

AS
HC03)

112
214
242
24
160

284
156
176
150
130

180
150
99
190
104

344
200
140
136
170

232
280
184
240
190

120
180
127
130
120

120
210
140
160
120

180
180
224
160
190

170
126

(MG/L
AS COS)

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
o

0
0

AS
CAC03)

97
169
202
20

306

238
128
138
277
121

162
440
86
154
87

282
169
120
125
150

184
236
150
18J
152

102
148
101
110
102

108
178
137
150
112

144
154
520
149
166

155
106

(MG/L
CAC03)

5
0
3
1

175

4
0
0

154
14

14
317

5
0
1

0
4
5
13
10

0
6
0
0
0

3
0
0
3
3

9
5

22
18
13

0
6

336
17
10

15
3

(MG/L
AS CA)

34
63
66
6.2

63

87
48
50
61
41

49
75
33
45
30

93
58
39
45
52

59
78
52
70
47

31
41
31
34
30

32
53
40
48
33

43
52
101
48
40

51
39

(MG/L
AS MG)

3.1
2.8
9.1
1.3

36

5.0
1.9
3.1

30
4.4

9.5
61

.9
10
3.0

12
5.8
5.5
3.0
4.8

8.9
10
4.8
1.6
8.4

6.0
11
5.7
6.0
6.5

6.8
11
9.0
7.3
7.1

9.3
5.8
65
7.1
16

6.6
2.2

(MG/L
AS NA)

7.7
7.2
6.6
6.2

280

7.5
6.3
5.2

240
5.8

9.5
500

4.7
22
5.6

6.0
6.0
5.2
4.5
6.7

6.6
14
6.9

11
5.6

5.0
5.8
5.0
4.8
5.0

5.0
5.6
5.7
6.2
5.1

5.0
5.8

512
7.8
6.5

9.0
5.6
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SAMPLES FROM HELLS

POTAS- CHLO-
SIUM, RIDE, SULFATE

DATE DIS- DIS- DIS- SULFIDE
OF SOLVED SOLVED SOLVED TOTAL

SAMPLE (MG/L (MG/L (MG/L (MG/L

65-08-18
66-04-21
66-04-21
66-04-21
78-12-14

65-08-05
65-05-12
65-08-05
78-12-18
78-12-15

78-12-14
78-12-18
78-12-15
65-08-13
65-08-20

65-08-12
78-12-13
78-12-14
65-08-12
78-12-18

65-08-17
78-12-18
65-08-05
65-08-05
78-12-18

78-12-08
78-12-15
65-08-12
78-12-15
78-12-14

78-12-20
78-12-20
78-12-18
78-12-20
78-11-21

78-12-15
78-11-30
65-08-17
78-11-30
78-11-30

78-12-20
65-08-20

AS K)

1.2
1.3
.4
.0

12

.8
1.1
.9

10
1.3

1.3
20

.6
1.7
.7

1.0
1.2
2.3
2.1
1.8

1.1
1.2
.7

1.6
.9

.9
1.2
.6
.6

1.1

.9

.9
2.8
1.0
.9

1.0
.9

9.9
.9
.9

.6

.7

AS CD

13
10
10
11

500

10
10
8.0

450
10

19
930

7.2
36
10

10
11
11
8.0

11

10
27
10
10
7.8

8.0
10
8.0
8.7
9.0

8.4
8.1

13
11
8.5

8.3
9.3

960
12
11

17
7.0

AS S04)

13
.0
.0
.0
 

1.2
3.2
.0

63
3.7

2.3
130

.3
3.6
.0

.0
2.2
5.7
12
15

.0

.2

.8

.0
1.1

1.5
.8
.0

1.4
.8

3.4
1.3

17
2.1
2.0

.3
1.5

68
3.0
3.5

1.4
3.6

SOLIDS, NITRQ-
FLUO- SILICA, STRON- SUM OF GEN,
RIDE, DIS- HUM, CONSTI- NITRATE IRON, DEPTH
DIS- SOLVED DIS- TUENTS, DIS- DIS- OF

SOLVED (MG/L SOLVED DIS- SOLVED SOLVED IRON WELL,
(MG/L AS (UG/L SOLVED (MG/L (UG/L (UG/L TOTAL

AS S) AS F)

.3

.6

.5

.5

1.0
1.0

)

.1

.1

.0

.0

.1

.1

.1

.2

.1

.1

.1

.1

.1

.2

.2

.1

.1

.1

.1

.1

.1

.1

.2

.1

.1

.1

.1

.1

.1

.1

.1

.2

.1

.1

.1

.1

.1

.2

.1

.1

.1

.2

SI02)

7.0
13
12
1.3
7.1

8.7
10
9.6
7.9
6.5

8.5
7.8
7.6
12
8.2

12
7.0
7.5
6.9
5.6

11
9.5
10
21
14

8.1
9.2
8.4
8.1
6.9

7.8
15
6.7

11
8.3

8.2
8.8
10
13
8.4

7.9
13

65

AS SR)

2
0
2
0

760

 
 

1
700
230

160
1100
140

1
 

304
110
100
 

110

1
230
 
 

140

120
120
0

130
90

220
250
120
250
100

120
130
2

100
80

180
 

(MG/L)

134
203
223
37
 

260
157
164
937
137

188
1799
103
224
109

305
190
145
148
181

211
278
176
233
179

120
168
121
128
119

124
199
163
166
124

164
173

1836
171
180

177
133

AS N03)

.00

.00

.10

.10
 

1.6
.10
.10
 
 

 
 
~
.10
.00

 
 
 
.10
 

.00
 
.10
.00
 

 
 
.00
 
 

 
 
 
 
 

 
 

1.2
 
 

 

.00

AS FE)
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__

30

 
 
--
50
<10

50
30
50
 
 

1300
440
180
 

540

 

260
~
~

80

110
30
--
30
50

<10
60
80

<10
<10

40
<10
~
50
<10

50
 

AS FE)

0
 

900
390
 

1800
1700
20
 
 

 
~
 
0

420

 
 
 
100
 

40
~

370
470
 

 
 
0
~
 

 
 
 
 
 

 
~
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250

(FEET)

260
11

107
120
240
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137

128

155
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81° 35' 

29° 25
30'

i 25'
20'

EXPLANATION

CHLORIDE CONCENTRATION IN THE UPPER PART OF THE 
FLORIDAN AQUIFER, IN MILLIGRAMS PER LITER

0-25 

26 - 250 

251 - 1000 

MORE THAN 1000

WELL   TOP NUMBER IS DISSOLVED CHLORIDE CONCEN- 

"""*" TRATION. BOTTOM NUMBER IS WELL DEPTH. NOTE: IF 
ONLY ONE NUMBER IS GIVEN THEN IT IS THE CHLORIDE 

CONCENTRATION AND THE WELL DEPTH IS UNKNOWN.

81° 15

29° 05
R 28 E R 29 E R 30 E

Figure 29. Chloride concentration in water from wells that tap the
upper part of the Floridan aquifer and well locations showing chloride 
concentrations and depths of wells.
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is shown as a separate unit on the map merely to define with greater 
clarity the occurrence of brackish water in the aquifer. The water in 
the upper part of the Floridan becomes brackish in Flagler County. 
Because the chloride-concentration range areas shown on figure 29 are 
for the upper part of the Floridan aquifer only, a well in an area 
showing a low chloride range may actually yield water of higher chloride 
concentration if the well is drilled below the upper parts of the 
aquifer. Such is especially the case for irrigation wells in the west 
DeLeon Spring area. Because of the large water-yielding capacity 
needed, irrigation wells here tend to be drilled more than 100 feet into 
the Floridan.

The potentiometric surface map was used in conjunction with the 
Ghyben-Herzberg principle, as modified by Hubbert (1940) to estimate the 
altitude of the freshwater-saltwater interface (fig. 30). The principle 
states generally that when freshwater in an aquifer is in static equi 
librium with the underlying saltwater, the altitude of the interface 
between them is -40 times the altitude of the head of the freshwater 
system. Because the freshwater system is not static, it is the fresh 
water head immediately above the fresh- saltwater interface that deter 
mines the vertical position of this interface. Furthermore, because the 
head within the freshwater flow system is known to vary with depth, the 
freshwater heads as indicated by the known potentiometric surface of the 
upper zones of the Floridan aquifer (fig. 24) were modified slightly 
before the interface calculations were performed. The average head in 
the upper part of the Floridan in east-central Pierson, for example, is 
approximately 34 feet. The head deep in the freshwater flow system near 
the interface is estimated to be 30 feet, and the altitude of the inter 
face is thus calculated to be at altitude -1,200 feet. Saltwater head 
was assumed to be zero everywhere because of lack of data.

Care should be exercised in using figure 30 for areas where the 
modified Ghyben-Herzberg principle was used to estimate the altitude of 
the top of the saltwater zone. The principle provides an estimate of 
the altitude of the fresh- saltwater interface in an ideal condition in 
which this interface is sharp. In the real system, the transition from 
freshwater to saltwater occurs gradually with depth, so that the alti 
tude of the top of brackish water may be significantly higher than the 
altitude of the top of saltwater.

Figures 31 and 32 are generalized hydrogeologic cross sections 
showing the chloride concentration in the Floridan aquifer. These were 
constructed using the data and principles discussed previously with 
respect to figures 29 and 30. Figure 31 is a hydrogeologic cross sec 
tion at latitude 29°15' from Lake George, through Pierson, and into 
the central Volusia flatwoods and swamps east of State Road 11. Fig 
ure 32 is a hydrogeologic cross section at latitude 29°06' which begins 
east of Lake Woodruff, extends across the DeLeon Springs area, and ends 
near Little Haw Creek.
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81° 35' 
29° 25'

30'
, 25' 20' , 81° 15'

EXPLANATION

-6OO   WATER-QUALITY-ZONE CONTOUR SHOWS ALTITUDE 

OF THE FRESHWATER-SALTWATER INTERFACE IN 

THE FLORIDAN AQUIFER. CONTOUR INTERVAL 200 

FEET. NATIONAL GEODETIC VERTICAL DATUM OF 

1929

C' GEOLOGIC SECTION

29° 05'
R 28 E R29 E R 30 E

Figure 30. Altitude of the freshwater-saltwater interface as estimated 
from the modified Ghyben-Herzberg principle.
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EFFECTS OF FERNERY IRRIGATION WITHDRAWALS 

Drawdown

The following discussion of drawdown caused by irrigational ground- 
water use in northwest Volusia County begins with a description of the 
theoretical drawdown created by one pumping well. This is necessary for 
an understanding of drawdown as measured in the field which is described 
in following sections. The discussion of measured drawdowns includes 
the short-term effects during growth irrigation and freeze-protection 
irrigation. Analyses of freeze-protection drawdowns are used to confirm 
various estimates of the physical properties of the aquifer which were 
made in previous sections of this report. Long-term effects of with 
drawals on the potentiometric surface are then assessed.

Effects of One Pumping Well

Figure 33 shows calculations of drawdowns that would be produced by 
one well discharging at a rate of 1,200 gal/min from an infinitely 
extensive, homogeneous, and isotropic aquifer with a transmissivity of 
15,000 ft2 /d and a storage coefficient of 0.0005. Because the drawdowns 
in the aquifer vary directly with the discharge, drawdowns for greater 
or lesser rates of discharge can be computed from these curves. For 
example, the drawdown 100 feet from a well discharging 1,200 gal/min 
would be 8.2 feet after 3 hours of discharge. If the well had dis 
charged 600 gal/min for the same length of time, the drawdown at the 
same distance would have been only one-half as much, 4.1 feet.

The curves are useful for estimating drawdowns during growth irri 
gation in much of the Seville and Pierson areas since the transmissivity 
and storage coefficient are typical of these areas. Also, growth irri 
gation pumpage is very scattered: the chances are good that for a given 
growth irrigation pumpage from a given well, no other wells nearby will 
be pumped, causing interference, and the curves are thus an accurate 
estimate of drawdowns around the well.

The method used (Theis, 1963) is based on the assumptions that the 
aquifer is homogeneous, isotropic, and infinitely extensive and that 
there is zero leakage. The estimates of drawdown are least accurate for 
large pumping periods and large distances from the pumping well.

Short-Term Effects of Irrigation Withdrawals

From a water-use perspective, the year may be divided into three 
parts: the dry season (March-May), when growth irrigation is at its 
maximum; the rainy season (June-October), when the least irrigation is 
needed; and the winter (November-February), when large withdrawal rates 
for freeze-protection are needed. Figure 34 consists of three hydrographs 
showing the short-term changes in the water level at well 914-128-01, west
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of Pierson, during (a) a dry period during which growth irrigation 
occurs, (b) a period of frequent rainfall during which very little 
irrigation occurs, and (c) a period of time including a severe freeze 
and the resulting freeze-protection irrigation. Well 914-128-01 is 
approximately 900 feet from the nearest active irrigation well and is in 
an area having a large concentration of irrigation wells (plate 1). The 
drawdown at this well is typical for wells in an approximately 7-square- 
mile area in and near Pierson. Drawdowns caused by growth irrigation 
commonly exceed 5 feet at this well (fig. 34a). In east Pierson, where 
transmissivities are lower and the concentration of irrigation wells is 
greater, drawdowns caused by growth irrigation exceed 10 feet. In the 
area of DeLeon Springs, where transmissivity is higher and the irriga 
tion well concentration is lower, typical growth irrigation drawdowns 
may not exceed 1 foot. The above-mentioned drawdown figures are for 
locations which are at least 500 feet from irrigation wells. Growth 
irrigation drawdown generally reaches a maximum in the early evening 
hours. Because of frequent rainfall, the amount of drawdown during the 
late summer months is generally small (fig. 34b).

The greatest drawdown measured during the 3-year study period was 
during the freeze of March 3-4, 1980 (fig. 34c). Pumpage for freeze 
protection for most wells used began at 4:30 p.m. on March 2, stopped at 
11 a.m. on March 3, started again at 7 p.m. on March 3, and stopped at 
8:30 a.m. on March 4. The maximum drawdown at well 914-128-01 on the 
first morning was 29 feet and on the second morning, 33 feet. Drawdown 
in 914-128-01 and two other wells is shown in figure 35.

A map showing drawdown in the Pierson area at 8 a.m., March 4, 1980, 
is shown in figure 36. Water levels were measured between 4 a.m. and 
9 a.m. in 21 wells. These measurements, combined with data from water- 
level recorders on six other wells, were used to construct figure 36. A 
knowledge of the locations of pumping wells aided the author in con 
touring the distribution of drawdown. Because water-level, measurements 
were not made on the morning of March 4, 1980, in the Seville or DeLeon 
Springs areas, figure 36 does not show drawdown in these areas.

The drawdown at the end of this severe freeze exceeded 30 feet for 
an area of about 4.4 square miles and exceeded 15 feet for an area of 
about 23 square miles. The area of maximum drawdown was northeast of 
Pierson, where a water-level measurement in one observation well showed 
a drawdown of 50 feet. The drawdown on figure 36 and the drawdowns 
discussed above are intended to represent areal drawdown and not the 
drawdown in the pumping wells.

A map showing the drawdown in the northwest Volusia County area at 
9 a.m. on February 2, 1979, another freeze-protection pumping period, is 
shown in figure 37. This map was compiled from approximately 60 water-level 
measurements. Drawdowns were less severe during this freeze-protection 
pumping period than they were during March 4, 1980 (fig. 36)   Figure 37 
shows that the Pierson area has considerably more drawdown than does the 
Seville or the DeLeon Springs area.
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81° 15'

29° 05'

EXPLANATION

LINE OF EQUAL DECLINE OF POTENTIOMETRIC 
SURFACE, MARCH 4,1980 AT 8AM   INTERVAL 

5 FEET. DASHED LINE INDICATES APPROXIMATE 

CONTOUR LOCATION

WELL  NUMBER IS DECLINE OF WATER LEVEL, 

IN FEET

PUMPING IRRIGATION WELL
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  fit ve*
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er inFigure 36. Drawdown of potentiometric surface of the Floridan aquiftj. j. 
the Pierson area at the end of a period of freeze protection, March 4, 
1980. (Water level declines were not measured in the Seville or DeLeon 
Springs areas.)
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Figure 37. Drawdown of potentiometric surface of the Floridan aquifer in 
northwest Volusia County at the end of a period of freeze protection, 
February 2, 1979.
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The drawdown caused by freeze-protection pumpage is relatively 
small in the DeLeon Springs area because of the high transmissivity of 
that area. The measurement of 5.2 feet of drawdown near the southern 
limit of figure 37 is close to aquifer test site 8, which yielded a 
transmissivity of 89,200 ft2 /d (fig. 22). Another reason for small 
drawdown in the DeLeon Springs area may be that pumpage is temporarily 
capturing spring discharge.

The drawdown close to a pumping irrigation well may be thought of 
as the sum of the areal drawdown shown on the maps and the drawdown 
caused by the pumping from the individual well. The drawdown caused by 
the well may be calculated from the relationship shown on figure 33. 
Consider, for example, an irrigation well which is located on the 40- 
foot drawdown contour of figure 36 and which was pumping 1,200 gal/min. 
If the transmissivity and storage coefficient are 15,000 ft 2 /d and 
0.0005 respectively, then the total drawdown at a location 10 feet from 
the pumping well is 40 ft + 17 ft = 57 ft. This calculation was made 
assuming that the amount of drawdown caused by the single irrigation 
well at 8 a.m. March 4, 1980, can be approximated as the drawdown 
created by 24 hours of continuous pumping from that well, and deriving 
17 feet from figure 33.

Using the same approach outlined above but assuming that a well 
northeast of Pierson close to the 40-foot contour on figure 36 was 
discharging 1,700 gal/min and that the aquifer properties for that area 
are, from aquifer test 5, T = 8,700 ft 2 /d and S = 0.0004 (table 2), then 
the total drawdown within the well was more than 90 feet at 8 a.m., 
March 4, 1980. It is assumed that the drawdown within the well men 
tioned is equal to the drawdown at r = 1 foot.

Drawdowns in pumping wells are greater than drawdowns in observa 
tion wells. Measured drawdowns in several pumping wells during freeze- 
protection pumping are listed below:

Well
Drawdown 

(ft) Time Date

Pumping rate from
measured well

(gal/min)

905-121-01
906-120-03 
910-128-02 
914-125-05
914-126-15
915-125-03 
915-126-15
917-127-04
918-127-02

11 
3.5

10 
more than 71

25
34
56 

more than 30
24

7:30 a.m. 
8:55 a.m. 

10:15 a.m. 
7:30 a.m. 
9:10 a.m. 
8:45 a.m. 
8:55 a.m. 
7:35 a.m. 
7:00 a.m.

2-5-80 
2-5-80 
2-2-80
1-3-80
2-2-80 
1-3-80 
1-3-80 
3-3-80 
3-3-80

800
1,400

450
1,000

480
550
800
400
700

Most of these drawdown measurements were made close to the end of rela 
tively mild freeze-protection pumpages. The drawdowns in these wells 
close to the end of a severe freeze would exceed the drawdowns shown.
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The maximum drawdowns are in wells in east Pierson while the minimum 
drawdowns are in the DeLeon Springs area. Because of the great dif 
ficulties associated with making water-level measurements in pumping 
irrigation wells in freezing weather, few measurements were made. The 
maximum drawdown is thus unknown, although the analytical approach of 
the preceding paragraph indicates that several large-capacity irrigation 
wells in east Pierson might have drawdowns exceeding 90 feet at the end 
of severe freeze-protection pumpages.

Drawdown of the potentiometric surface gives rise to the problem of 
water loss in domestic wells during freeze-protection pumping. Domestic 
wells are generally cased to the top of the Floridan aquifer and drilled a 
short distance into the formation. Water is pumped out of the well at a 
pump intake which may be located at any level in the casing or in the open 
hole part of the well. If the pump intake is not positioned deep enough 
below the static water level, then the water level in the well may decline 
below the intake during freeze-protection pumping, and the well temporarily 
will not pump water.

The information given here may be used as a guide to alleviate the 
problem of domestic water loss. At the very least, pump intakes should be 
positioned below the static water level by an amount as large as the 
drawdowns shown in figure 36. If a domestic well in the fern-growing 
areas of Pierson is located within 500 feet of an irrigation well, 
however, the drawdowns during severe freezes may become more intense 
than figure 36 indicates, and additional lowering of the intake may be 
necessary.

An estimate of the amount of water removed from storage in the 
aquifer can be calculated using a drawdown map and an estimate of the 
storage coefficient of the aquifer. The volume of water removed from 
storage is equal to the volume of the cone of depression multiplied 
by the storage coefficient. Approximating the volume of the cone of 
depression of figure 36 as the summation:

V = (area within zero drawdown contour) x 2.5 feet,

+ (area within 5-foot drawdown contour) x 5 feet,

+ (area within 10-foot drawdown contour) x 5 feet,

+ ............ up to 40-foot drawdown contour,

and estimating that the area within the zero drawdown contour is 
2.8 x 109 ft2 , then the total volume is 2.6 x 10 10 ft 3 . Estimating 
S = 0.0005 from table 2, aquifer tests 2 through 5, the total volume 
removed from storage in the Pierson area as of March 4, 1980, at 8 a.m. 
is about 100 Mgal.
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Assuming that the withdrawal rate for freeze-protection pumping for 
the Pierson area is 170 Mgal/d and noting that the total pumping period 
for the March 3-4, 1980, freeze was 32 hours, the total amount of water 
withdrawn from the aquifer is approximately 230 Mgal. The difference 
between this quantity of water and the amount that has come out of 
storage in the aquifer, 130 Mgal/d, is the amount of water which has re- 
entered the aquifer in the Pierson area by leakage or by increased 
horizontal inflow due to the change in the potentiometric gradient. 
This indicates that significant amounts of the water removed from stor 
age in the aquifer during this freeze-protection period had been re 
placed by leakage during the pumping period.

The drawdown at an observation well caused by freeze-protection 
pumpage may be simulated by determining which irrigation wells in its 
vicinity are affecting drawdown in the observation well. When this is 
known, the individual drawdowns caused by each of the irrigation wells 
can be added to calculate the total drawdown at the observation well. 
Figure 38 is a semilog plot of drawdown versus time for well 914-128-01 
assuming that pumping began at 4 p.m. March 2, 1980. Using the equation 
for straight-line aquifer test analysis discussed earlier and solving 
for Q:

Q = 1.74IIT As
Alog 10 t

where all terms are as previously defined. Transmissivity is estimated 
to be 15,000 ft2 /d and As/Alog 10 t is 22 feet (fig. 38). The total dis 
charge causing the drawdown at well 914-128-01 is thus estimated as 
9,400 gal/min.

It is now possible to compare measured drawdowns with calculated 
drawdowns by superimposing drawdowns caused by all wells affecting 
914-128-01. Irrigation wells are tabulated in the order of increasing 
distance from 914-128-01 (table 9). The tabulation was stopped when 
total discharge exceeded 9,400 gal/min. All wells involved in this 
analysis are shown on plate 1 including 914-128-01, which is shown as 
an unused irrigation well. Wells not used for freeze-protection with 
drawal were not included. The estimates of drawdown caused by each 
pumping well (table 9) are calculated from Theis (1963) using T - 15,000 
ft 2/d and S = 0.0005. The total estimated drawdowns from table 9 compare 
reasonably with measured drawdowns of 19.91 feet at 8 hours and 28.13 
feet at 19 hours.

The drawdown at well 914-129-01 was subjected to the same analysis 
given for 914-128-01 above. Well 914-129-01 is approximately 1.1 miles 
west-northwest of well 914-128-01 and is more than one-half mile from 
the nearest irrigation well. The plot of figure 39 yielded an effective 
discharge rate of 7,000 gal/min and 10 pumping irrigation wells in the 
vicinity were simulated as 2 pumping wells: one 3,200 feet away pumping 
3,760 gal/min and another 4,500 feet away pumping 3,070 gal/min. Assuming 
T = 15,000 ft 2 /d and S = 0.0003, the calculated drawdowns are 8.07 feet 
at 8 hours and 13.87 feet at 19 hours. Measured drawdowns were 10.02 
feet at 8 hours and 15.75 feet at 19 hours.
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Table 9. Irrigation wells causing drawdown at well 914-128-01,

Well

914-128-02

914-128-21

914-128-22

914-128-16

914-128-04

914-128-15

914-128-07

914-128-23

914-128-17

914-128-06

914-128-05

914-129-02

914-128-03

914-129-03 

Total

March

Discharge 
(gal/min)

720

320

160

480

1,280

600

320

480

1,600

640

320

480

640

1,600

9,640

2-3, 1980

Distance from
914-128-01 

(ft)

900

800

1,000

1,000

1,300

1,400

1,900

2,200

2,300

2,300

2,800

2,800

3,200

3,300

Estimated
drawdown (ft) 

t=8 hr t=19 hr

2.43

1.14

0.49

1.55

3.36

1.48

0.60

0.82

2.56

1.03

0.38

0.60

0.66

1.56

18.66

3.14

1.42

0.64

1.98

4.56

2.01

0.88

1.21

3.83

1.57

0.64

0.99

1.14

2.77

26.78
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The foregoing analyses show that drawdowns caused by freeze-protec- 
tion withdrawals from numerous wells can be approximated as the sum of 
the individual drawdowns created by each. The percent of the drawdown 
at a given observation well which is caused by a certain irrigation well 
can be estimated. The analysis is limited to areas close to irrigation 
wells because errors caused by leakage become great as the distance 
increases.

Long-Term Effects of Irrigation Withdrawals

Daily fluctuations of water levels in wells 914-128-01 and 
913-125-01 for the study period are shown in figures 40 and 41. Each 
hydrograph shows two records: (1) consecutive daily maximum water 
levels and (2) consecutive daily minimum water levels. Both wells, 
located in figure 23 and on plate 1, are in areas of heavy irrigational 
ground-water use. Well 914-128-01 is 900 feet from the nearest active 
irrigation well. Well 913-125-01 is 200 feet from a relatively small- 
capacity irrigation well and 550 feet from a large-capacity well.

The fluctuations in water levels shown in figures 40 and 41 are 
typical of the Pierson area. The largest changes are between November 
15 and March 15 because of freezing temperatures and freeze-protection 
irrigation withdrawals while the smallest are between July and October 
because of frequent rainfall and moderate irrigational withdrawals. The 
hydrographs show that recovery after freeze-protection withdrawals is 
rapid.

Figure 42 shows the water level changes in well 913-125-01, which 
is in the fern-growing areas of Pierson, and well 913-115-01 (fig. 23), 
which is in an area of very little water use. The two records show the 
same general seasonal water-level changes, although the record for well 
913-125-01 is interrupted by downward spikes caused by irrigational 
withdrawals.

The long-term water-level trend in northwest Volusia County, 
including years of little irrigational water use, is shown on figures 43 
and 44. Figure 43 represents the potentiometric level 1 mile south of 
Seville whereas figure 44 represents the potentiometric level 3 miles 
east of Seville. Neither well is located within the fern-growing 
areas. No records of this type are available for wells in the fern- 
growing areas. The potentiometric trend shown is similar to that in 
other areas of east-central Florida. Figure 45 represents the potentio 
metric trend at a well in south-central Volusia County in an area of 
relatively small present-day (1980) pumpage. A comparison of the potentio 
metric trend of figure 45 with those of figures 43 and 44 shows that the 
general decline of the potentiometric surface that occurred from 1961 to 
1975 in northwest Volusia County is mainly the result of deficient 
rainfall. Water use by the fern industry probably became significant in 
the 1970's. Before that time, the water use for freeze-protection was a 
very small fraction of what it is now (1980).
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The potentiometric surface map of November 1955 (fig. 46) can be 
compared with the October 1979 potentiometric surface map (fig. 24) to 
evaluate long-term changes caused by the fern industry. Long-term 
records such as those shown in figures 43 and 44 indicate that the 
potentiometric surface had approximately the same level in October 1979 
as it did in November 1955 in areas of little pumping stress. It is 
also evident from the potentiometric maps that the nonpumping head in 
the aquifer has not changed in the heavily-stressed Pierson area. It 
should be noted that the contours on the November 1955 map were drawn 
with only 19 water-level measurements while those of the October 1979 
map were drawn using 66 measurements. The contours of figure 46 are 
drawn exactly as they were in the 1960 report (Wyrick, 1960). Most of 
the differences between the shapes of the contours on these potentio 
metric maps result from the lesser concentration of data from November 
1955.

Effects on the Water Budget

Because the water budget discussed previously was derived from the 
static, unstressed potentiometric surface, it is necessary to consider 
the changes in the budget caused by fernery irrigation. Changes con 
sidered are only the long-term changes caused by fernery irrigation 
withdrawals. Fluctuations in water levels and ground-water discharges 
caused by rainfall trends are ignored. Pumpage from the Floridan aqui 
fer would increase the outflow in the budget of table 7 from 57 ft 3 /s 
to 71 ft 3 /s. This additional 14 ft 3 /s is derived from the sum of 8.1 
Mgal/d irrigational pumpage and the 1 Mgal/d pumpage for all other uses.

If pumpage is introduced into a ground-water budget, the change 
must be balanced by any number of the following alterations in the flow 
system: (1) an increase in recharge, (2) a decrease in upward leakage, 
(3) an increase in horizontal inflow, (4) a decrease in discharge from 
springs or flowing wells or both, (5) a decrease in horizontal ground- 
water outflow, or (6) a long-term change in aquifer storage. By the 
process of elimination, it will be shown that, of the above-mentioned 
changes in the ground-water budget, most change has occurred in the form 
of an increase in recharge.

A decline in upward leakage would necessitate a lowering of the 
potentiometric surface in areas of upward leakage. The potentiometric 
maps of November 1955 (fig. 46) and October 1979 (fig. 24), along with 
the long-term hydrograph of a well in a discharge area (fig. 43) showing 
the potentiometric surface at these dates, show that no general decline 
has occurred over and above that which occurred because of the natural 
water level decline resulting from deficient rainfall (fig. 45).

An increase in horizontal inflow, a decrease in horizontal outflow, 
or a long-term change in aquifer storage could be created only by 
significant long-term changes in the potentiometric surface. If an 
increase in ground-water inflow occurred, it would do so at the present
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EXPLANATION

25 WELL  NUMBER IS ALTITUDE OF WATER LEVEL IN

WELL, IN FEET ABOVE NATIONAL GEODETIC VERTICAL 

DATUM OF 1929

POTENTIOMETRIC CONTOUR   SHOWS ALTITUDE AT

WHICH WATER LEVEL WOULD HAVE STOOD IN 

TIGHTLY CASED WELLS THAT TAP THE FLORIDAN 
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Figure 46. Potentiometric surface of the Floridan aquifer in northwest 
Volusia County, November 1955 (from Wyrick, 1960).
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site of ground-water inflow; the southern limit of the study area west 
of State Road 40A. Because of the low concentration of fernery irriga 
tion wells, a large increase in inflow at this boundary is not likely. 
A decline in horizontal outflow would require a change in the potentio- 
metric gradient at the outflow boundaries. Because the unstressed 
horizontal outflow is approximately 20 ft 3 /s (table 7), the gradient 
would have to be altered noticeably to account for even a small fraction 
of the 14 ft 3 /s pumpage. The potentiometric maps of November 1955 
(fig. 46) and October 1979 (fig. 24) do not show such a hydraulic 
gradient change. The only time that the hydraulic gradient at the 
horizontal outflow boundaries is significantly altered is during severe 
transient drawdowns caused by freeze-protection withdrawals, which occur 
approximately 1 percent of the time. The comparison of the November 
1955 and the October 1979 potentiometric maps also shows that no long- 
term change in aquifer storage has occurred. As figures 40 and 41 show, 
large transient storage changes occur in the fern-growing areas, but 
these may be thought of as the driving force for very large recharge 
events, and not as the long-term source of pumped water.

A decrease in discharge from springs or flowing wells or both, if 
it has occurred, could only account for pumpage in the DeLeon Springs 
area and not in the Seville or Pierson areas. No springs discharge 
water from the Seville or Pierson areas within the study area. Few 
flowing wells are in the Crescent City Ridge area, but if flowing well 
discharge has changed at all, it has increased and not decreased during 
the past several years. It is reasonable to assume that more flowing 
wells exist now than existed 15 years ago.

When pumping occurs, there is a decline in the potentiometric 
surface in the pumped zone, and this can induce an increase in recharge 
from the confining bed above the aquifer. Because this additional 
leakage comes from water storage in the confining layer, there usually 
is not a measurable decline in the water table in the surficial aquifer. 
Water lost from the Floridan aquifer is replenished by water from the 
confining layer, and this is in turn replenished eventually by water 
from the surficial aquifer. Although the immediate source of pumped 
water is storage in the aquifer, the long-term source is increased 
recharge.

The discussion in the previous section pertaining to the pumpage 
from the Pierson area during a severe freeze and the corresponding 
change in aquifer storage indicates that induced leakage could be very 
large. A significant amount of the 230 Mgal withdrawal from the aquifer 
in the Pierson area during the 39-hour time period may have been replen 
ished to the aquifer by leakage during the 39-hour time period.

The following generalized water budget of the Floridan aquifer in 
northwest Volusia County is based on the assumption that the water with 
drawn by pumpage is replaced entirely by induced leakage. Recharge is 
thus equal to the net recharge from table 7 plus the upward leakage from 
table 1 plus the total pumping rate. The total discharge of the spring
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and the flowing wells near the spring is equal to the long-term average 
discharge of Ponce de Leon Springs (30 ft 3 /s) plus an estimated 4 ft 3 /s 
from flowing wells. The upward leakage estimate is 40 ft 3 /s, based on 
the 2 in/yr from table 1. The discussion in the flow-net section 
indicated that the outflow from area E was anomalously low. The estimate 
of outflow to Crescent Lake and Flagler County given here is thus higher 
than that of table 7 by 3 ft 3 /s. The outflow to Lake George is unchanged 
from table 7.

Inflow 

Recharge 

Horizontal inflow

Cubic feet 
per second

108

Total

Outflow

Discharge of spring
and flowing wells near spring

Upward leakage

Horizontal outflow:
to Crescent Lake and Flagler County 
to Lake George

Pumpage

110

Cubic feet 
per second

34

40

10
12

14

Total 110

Figure 47 shows that there is no apparent increase ih runoff caused 
by the freeze-protection withdrawals from the Floridan aquifer, although 
large volumes of water are transferred to the surficial layer. The 
Price Creek drainage area (fig. 9) includes 40 active irrigation wells 
while the Middle Haw Creek drainage area includes none.

Sinkhole Activity

Sinkholes are common in areas such as northwest Volusia County that 
are underlain by limestone formations. Rainfall combines with carbon 
dioxide from the atmosphere to form weak carbonic acid. As the recharge 
water flows through the limestone, dissolution takes place and cavities 
are formed. When this dissolution of the formation weakens the roof of 
a large cavity to the extent that it can no longer support the saturated 
sand and clay layers above, the roof collapses, the sands and clays fall 
into the cavity, and a sinkhole depression is formed at land surface. 
Most of the natural lakes, ponds, and topographic depressions in north 
west Volusia County were formed in this way. Larger lakes are often 
formed by the coalescence of several sinkholes.
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Sinkholes are most likely to occur in areas of active ground-water 
recharge, because the dissolving action of the water is greatest when it 
first enters the limestone aquifer. The water tends to become neutralized 
after moving through and reacting with the limestone. Caliper logs of 
wells in Pierson show a prevalance of larger cavities at the top of the 
formation, followed at depth by zones of smaller hole diameter (figs. 12 
and 13). The larger cavities are formed at the top because the "new 
water" is highly reactive. Areas having shallow cavities in the limestone 
formation may have a greater potential for sinkhole activity.

There is a relationship between the lowering of the head, or potentio- 
metric surface, in an artesian limestone aquifer and sinkhole formation. 
This is because part of the weight of the saturated sand and clay layers 
above the Floridan aquifer is supported by the pressure of the water in 
the aquifer. As drawdown of the potentiometric surface causes a decline 
in water pressure in the aquifer, the skeletal structure of the aquifer 
must bear an increase in weight. Ground-water withdrawals thus impose 
structural stress increases and sinkhole formation may result.

Tibbals (written commun., 1974) studied the relationship between 
drawdown in the Floridan and the formation of a sinkhole east of Pierson 
on December 12, 1973. The depth to the Floridan aquifer at the sinkhole 
site is 90 feet and the drawdown, which was caused by freeze-protection 
irrigation, was 18 to 23 feet at the time of the collapse. The increase 
in load on the skeletal structure of the aquifer was calculated as 15 to 
19 percent.

Figure 48 shows locations of known recent sinkhole sites. The date 
of the sinkhole formation is shown for each. Also shown are contours of 
drawdown in the Floridan for 8 a.m., March 4, 1980, a time of large ground- 
water withdrawals for freeze-protection use. The contour interval is 15 
feet. Although drawdown measurements were only made in the Pierson area 
at that time it is considered unlikely that areal drawdowns exceeded 15 
feet in the remainder of the study area.

Most of the sinkholes located in figure 48 are known to have 
occurred during periods of drawdown caused by freeze-protection irriga 
tion. The remainder of these formed in secluded locations but were 
discovered soon after periods of freeze protection. One of these formed 
300 feet from observation well 914-128-01 and its collapse is considered 
to have caused a "spike" in the water-level record of that well (fig. 49). 
The sinkhole apparently occurred at 11 a.m. on January 3, 1979, during a 
period of intense freeze protection. The water surface in 914-128-01 
had reached 1 foot above sea level, a level to which it probably had not 
declined for at least 2 years, when the collapse occurred.

The volume of cavities, and thus, the potential for sinkhole 
development, is slowly being increased by the dissolution of limestone 
formations by flowing ground water. It may be assumed that the rate of 
natural flushing through the Floridan aquifer in northwest Volusia County
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Figure 48. Locations and dates of occurrences of sinkholes.
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is the sum of the net recharge rate of 55 ft 3 /s (from table 1) and an 
estimate of 40 ft 3 /s upward leakage and that all of this water attains a 
dissolved solids concentration, from dissolution of the formation, of 
170 mg/L. If the density of the limestone is 2.8 g/cm , then an amount of 
limestone equivalent to 360,000 ft 3 , or 13,000 yd 3 , is dissolved annually.

In areas where the potential for sinkhole occurrence exists in 
northwest Volusia County, large ground-water withdrawals may accelerate 
the development of collapse features. Drawdowns induce increased recharge 
of relatively reactive water, thus increasing the dissolution rate of 
aquifer material. Also, drawdowns may dewater cavities and remove part 
of the support for cavity roofs, thus increasing the likelihood of 
collapse. Nonetheless, sinkholes would continue to occur to some extent 
in northwest Volusia County even in the absence of irrigation withdrawals.

Saltwater Intrusion

The following discussion has two parts. The first is a discussion 
of data that pertain to the subject of saltwater intrusion. The second 
is a presentation of a water-sampling network for early detection of 
saltwater intrusion. The term "saltwater intrusion," where used here, 
refers to a significant increase in chloride concentration, with time, 
at given monitoring sites.

Changes in Chloride Concentration

Long-term changes in the chloride concentration of wells in north 
west Volusia County are shown in table 10. These are the only wells for 
which chloride concentration records span more than 10 years. For this 
reason, the chloride concentration record for Ponce de Leon Springs is 
also shown (fig. 50) so that the fluctuations in salt concentration of 
wells can be put into perspective. Chloride analyses of water were made 
in the period 1953-56 for the report by Wyrick (1960), while chloride 
analyses made in the period 1965-68 were for the report by Knochenmus 
and Beard (1971). Samplings of wells for the present study were during 
1978-80. The chloride concentration and discharge for Ponce de Leon 
Springs have been determined periodically from 1929 to the present time 
(1980) as part of a hydrologic monitoring network of the U.S. Geological 
Survey.

The chloride concentration data show no evidence of saltwater 
intrusion during 1953-80 in northwest Volusia County. The chloride 
concentration in brackish-water wells and in Ponce de Leon Springs show 
large fluctuations, but these are apparently related to seasonal or 
yearly water-level fluctuations, and do not represent a general trend of 
incline or decline.
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Table 10. Long-term chloride concentration changes in
Floridan aquifer wells

[Given are month-day-year; chloride concentrations are in
milligrams per liter]

907-121-01

4-29-57 390 
1- -66 670 
6-15-79 438 
9-10-79 678 

12-10-79 810 
2- 5-80 780

907-121-02

4-30-57 7200 
9-10-79 4275 

12-10-79 4800 
2- 5-80 4700

909-122-01

4-16-56 90 
12-10-79 180 
1-23-80 180

909-122-02

4-16-56 75 
9- -79 97

909-122-03

4-23-56 14 
- -66 11 

12- 5-79 11

909-123-01

11- 6-53 326 
9-13-66 478 
1- 4-68 435 
3- 8-68 430 
5- 3-68 370 
9-26-70 455 

11- 4-70 455 
5-10-72 300 
9- 6-72 450 

12-10-79 470 
1-23-80 470

909-130-01

1-16-56 16 
- -66 10 
9-10-79 9

911-129-01

8-12-65 8 
12-18-78 11

914-127-13

8-12-65 8 
12-15-78 9 
2-10-79 13

917-128-01

5-22-56 20 
- -66 10 

9- 6-79 10 
1- 8-80 11

918-132-01

2-27-56 510 
8-17-65 960 
9- 6-79 505
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The fluctuations of chloride concentrations in fresh ground water 
where the average concentration is less than about 50 mg/L is generally 
not related to the movement of the saltwater interface. These small 
chloride concentrations may originate from rainwater and the changes of 
such may be related to such varied factors as street runoff and septic 
tank effluent.

The variations in chloride concentration of brackish ground water, 
though, may be related to general movements of the saltwater interface. 
In most areas close to the saltwater interface, the chloride concentra 
tion of the brackish water in the aquifer will decrease during periods 
of high water level and high ground-water discharge, and will increase 
during periods of low water level and low discharge. The relationship 
is roughly opposite to the above for brackish ground water in the DeLeon 
Springs area. The chloride concentration in wells 909-122-01 and 
909-122-02 and in Ponce de Leon Springs during April 1956 were 90, 75, 
and 66 mg/L, which are all relatively low concentrations for each site. 
The water level (fig. 43) and the spring discharge (fig. 50) at that 
time were low. The relationship between chloride concentration in 
brackish ground water in the DeLeon Springs area and ground-water levels 
is not a simple one, but generally concentrations increase with increas 
ing water levels and decrease with declining water levels.

One possible explanation for the high discharge, high water levels, 
and high chloride concentration is related to the existence of another 
freshwater system beyond the saltwater system that adjoins northwest 
Volusia to the southwest. Usually, an increase in discharge and water 
levels in a freshwater system will effectively push the saltwater inter 
face and cause wells tapping the interface to pump fresher water. Dur 
ing general periods of high water level, the other, larger freshwater 
system displaces the saltwater system to the northeast. The saltwater 
interface thus moves toward the DeLeon Springs area, and wells near it 
pump water of higher salt concentration.
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The following is a list of chloride concentrations in irrigation 
wells that tap brackish water in the Floridan aquifer in the DeLeon 
Springs area. Samples were generally taken during periods of freeze- 
protection withdrawals from these wells. Chloride concentration changes 
are apparently related to regional water-level changes discussed pre 
viously, and not to the heavy withdrawals of ground water.

Well Date

905-121-02 12-14-78
1-23-79
2-10-79
2-10-79

12-27-79
1- 2-80
2- 5-80
3- 3-80

906-121-07 12-18-78
1-23-79
2-10-79
2-10-79

12- 1-79
12-27-79
1- 2-80
3- 3-80

906-121-01 12-18-78
1-23-79
2-10-79
2-10-79

12- 1-79
2- 5-80
3- 3-80

Chloride 
concentration 

Time (mg/L)

4:10 p.m.
 

5:35 a.m.
8:18 a.m.
6:30 a.m.
5:55 a.m.
6:00 a.m.
6:40 a.m.

9:15 a.m.
 
6:03 a.m.
8:04 a.m.
6:45 a.m.
6:15 a.m.
5:40 a.m.
6:25 a.m.

10:00 a.m.
 

6:08 a.m.
7:58 a.m.
7:00 a.m.
6:35 a.m.
6:10 a.m.

550
665
655
650
360
800
670
620

450
490
478
480
470
400
500
440

930
790
920
880
790
700
640

Samples taken in many other irrigation wells also indicate that no 
upward chloride concentration change has occurred in pumping wells 
because of irrigational withdrawals. The reasons for the apparent 
absence of saltwater intrusion are not well known, but it is reasonable 
to assume that the temporary nature of freeze-protection pumpage has 
avoided intrusion up to the present time.

Suggested Monitoring Network

Although saltwater intrusion has not occurred in northwest Volusia 
County to a detectable extent, the irrigational pumping stresses, espe 
cially during winter months, make future intrusion a possibility. An 
early warning at the beginning of saltwater intrusion is desirable so 
that pumping can be stopped, or reduced, before intrusion becomes more 
severe.
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Figure 51 is a suggested ground-water monitoring network for future 
warning of saltwater intrusion in northwest Volusia County. Most of 
these wells are used for freeze-protection withdrawals. These wells 
were chosen because of factors such as (1) present high concentration 
of chloride, (2) proximity to the saltwater interface, (3) well depth, 
or (4) large withdrawal rate, or (5) because of a combination of these 
factors. Other wells in the network include free-flowing wells and 
domestic-supply wells near the saltwater interface.

SUMMARY

Northwest Volusia County, in east-central Florida, is a 262-square- 
mile area including the southern part of the Crescent City Ridge and the 
northern tip of the DeLand Ridge. The hydrogeologic units in the area 
include the Floridan aquifer, which is made up of parts of the Lake City 
Limestone, the Avon Park Limestone, and the Ocala Limestone; the 
confining bed, which is composed of clays of Miocene or Pliocene age; 
and the surfical aquifer, which is made up of Pleistocene and Holocene 
age sands.

Under natural conditions, the surficial layer water budget for the 
study area includes rainfall of 55 in/yr, evapotranspiration of 39 
in/yr, runoff of 13 in/yr, and a net downward leakage, or recharge to 
the Floridan aquifer, of 3 in/yr. Recharge is estimated to be 20 in/yr 
in some of the areas of DeLeon Springs and 10 in/yr in the Pierson and 
Seville Ridge areas. Upward leakage in the discharge areas surrounding 
the ridges is estimated to be 4 in/yr.

Average yearly ground-water irrigational use from the Floridan 
aquifer is 8.1 Mgal/d for the entire study area of which 4.8 Mgal/d is 
for the Pierson area alone. Peak ground-water use rates from the Floridan 
aquifer, which occur during freeze-protection pumpage in winter months, 
are 300 Mgal/d for northwest Volusia County and 170 Mgal/d for the 
Pierson area alone. Application rates average 160 gal/min per acre of 
fernery. The greatest concentration of irrigation wells is in the 
northeast Pierson area. The average depth of irrigation wells in north 
west Volusia County exceeds 300 feet.

Apparent transmissivities of the Floridan aquifer range from 4,500 
ft 2 /d to 160,000 ft 2 /d while storage coefficients range from 0.0003 to 
0.0013. Transmissivity is higher in the DeLeon Springs area than it is 
in the Seville and Pierson areas. The average for the DeLeon Springs 
area is 50,000 ft2 /d while that of the Seville and Pierson areas is 
20,000 ft 2 /d. The deepest irrigation wells in the study area, with some 
depths exceeding 700 feet, are in the east Pierson area mainly because 
this area has the lowest transmissivities in the study area.

The areal drawdowns in the Floridan aquifer in the fern-growing areas 
of Pierson are approximately 5 feet for growth irrigation pumpages and 20 
to 30 feet for freeze-protection irrigational withdrawals. At the end
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Figure 51. Suggested monitoring network for future warning of
saltwater intrusion.
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of one severe freeze-protection pumping period in March 1980, the Pierson 
drawdown exceeded 30 feet over a 4.4-square-mile area and exceeded 15 
feet over a 23-square-mile area. This pumping period consisted of 19 
hours of pumpage followed by 7 hours of recovery followed by another 13 
hours of pumpage. Evidence indicates that significant amounts of the 
water withdrawn during this 39-hour period may have been replaced by 
leakage during the 39 hours. For observation wells in fern-growing 
areas, the freeze-protection drawdowns caused by many wells can be 
approximated as the sum of individual drawdowns created by each. Because 
of leakage effects, this simulation is limited to observation wells rela 
tively close to pumping wells. Drawdowns are significantly smaller in 
the Seville and DeLeon Springs areas than they are in the Pierson area. 
Drawdowns in pumping irrigation wells during freeze-protection pumpages 
are greatest in the northeast Pierson area, where some may exceed 90 
feet.

Drawdowns caused by freeze protection are large, but temporary, and 
there has been no long-term residual drawdown. The predominant effect 
of these withdrawals on the Floridan aquifer water budget has been 
increased recharge. The budget under present conditions of withdrawal 
consists of 108 ft 3 /s recharge, 2 ft 3 /s horizontal ground-water inflow, 
34 ft 3 /s direct discharge, 40 ft 3 /s upward leakage, 22 ft 3 /s horizontal 
outflow, and 14 ft 3/s pumpage.

Northwest Volusia County is an area of natural sinkhole activity, 
but this activity has been increased by the temporary increase in load 
on the aquifer's skeletal structure during intense drawdowns in the 
Floridan aquifer and by the increased dissolution of the limestone 
formation caused by induced leakage. ,

The Floridan aquifer contains good-quality water in most of the 
study area, but also contains brackish water underneath the stressed 
zones and also in the upper zones along the western and southern limits 
of the area. The altitude of the fresh- saltwater interface varies in the 
area from -1,500 to -300 feet. There is no evidence to indicate that 
saltwater intrusion has occurred to date, but a monitoring network for 
early detection of such intrusion is suggested.

Future monitoring should consist of a continuous record of water level 
in a Floridan aquifer well in the Pierson area and chloride sampling 
using the monitoring network listed. Sampling should be most rigorous 
during freeze-protection periods.
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